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HARNESSING THE RIVER JORDAN. 


The Jordan Works Hydro-electric Station of The Palestine Electric Corporation at Naharaim, 
Palestine, where three 7,500 KVA, 6,600 volt, 3 phase, 50 cycle vertical spindle alternators 
are installed, each driven by an 8,500 h.p. water turbine at 250 r.p.m., working off a water head 
of 27 metres from the River Jordan. In the background is a switchboard controlling the three 
alternators and affording remote control of a 66 kV outdoor distribution network. The whole of 
this electrical equipment has been manufactured and supplied by The General Electric Co., Ltd. 
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A Stiffness Meter for Loudspeaker 


Cones. 


By D. A. OLIVER, B.Sc. 


Research Laboratories of The General Electric Co., Ltd., 


N the course of certain 
| investigations at the G.E.C. 
Research Laboratories and 
later at the G.E.C. Telephone and 
Radio Works, Coventry, the need 
arose for a quick method of check- 
ing the uniformity and the stiffness 
of mass-produced moulded paper 
cones which are used extensively 
in modern loudspeakers. These 
cones are usually seamless with 
an integrally moulded corrugated 
surround of paper. 

One of the important factors 
in moving coil loudspeaker 
manufacture is the control of 
the position of the fundamental 
resonance f,, when the total mass 
resonates with the total stiffness, 
for a piston type of oscillation. 
This frequency f, is given to 
a first approximation by the 
formula 


in = arfo — r/ (S. 2 S;)/m 


where S. is the effective stiffness of the moulded 


cone (dyne/cm.). 


S, is the effective stiffness of the centring 


spider (dyne/cm.). 


m is the equivalent mass of the oscillating 
system at a frequency f, (gram). 

Equation (1) can be applied with success so long as 

the various parts of the oscillating system move 


Wembley, England. 
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The author describes an ac- 
curate low range static stiffness 
meter which has been designed 
for testing mass-produced loud- 
speaker cones. Deflections are 
observed directly on a precision 
dial indicator for known forces 
produced by dead weight — 
The range is from approximately 
O.I to over 10 megadyne/cm., 
and it is shown that stiffnesses can 
be measured to within 2 per cent 
without correction. 

Typical results are given on 
cones and centring devices for 
moving coil loudspeakers. A 
mechanical hysteresis loop for a 
moulded paper cone is shown and 
a curve depicting the variation 
in stiffness with clamping radius. 
Finally, a brief comparative 
study is made of the harmonic 
production due to non-linearity 
of the two centring devices. 
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of impedance on the voice coil 
of a moulded cone loudspeaker 
under different conditions, showed 
that the effective stiffness 
(S. +'S,) measured dynamically 
at 170 cycles per second agreed 
within 5 per cent with the 
statically observed stiffness, when 
S. is much greater than S.. 
Moreover, as a static observation 
is manifestly easier to make than a 
dynamic one, a practically direct 
reading stiffness meter was de- 
signed and constructed. This has 
proved invaluable for testing the 
uniformity, of the mass-produced 
product, quite apart from the 
applicability of the results to 
the vibrating case. 

Several meters of this design 
have been installed in The G.E.C. 
Telephone and Radio Works for 


checking and sorting cones and a 


girl can test with ease well over 500 cones a day. A 


production control of this kind is essential for main- 


taining a high standard in manufacture. In fact, it 


is now the practice at this works to test every cone 


before it is introduced into the assembly line. This 


procedure has proved to be superior to ordinary 


product. 


substantially in phase (say, up to a frequency of the 


order of 200 cycles per second). 


Experiments carried out by making observations 


Statistical control based on random sampling, and 
the extra cost of making the test is more than 
counter balanced by greater uniformity in the final 


THEORY OF NEW INSTRUMENT. 


One variety of stiffness meter has already been 
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described.* It was found, however, to be unsuitable 
for measuring low values of stiffness of the order 
of a megadyne/cm. or less, and for routine work 
did not lend itself to rapid operation. 

In the new instrument a standard form of dial 
indicator has been adapted for measuring deflections 
by using it in the inverted position. The general 


Fig. 1._-Pointer mechanism 
for dial indicator showing 
helical spring to the left. 





arrangement of the pointer mechanism (Mercer) is 
seen in fig. 1. 

The stem of the rack slides vertically against the 
force of a small helical spring having a restoring force 
proportional to the deflection. By adding a scale pan 
to the upper end of the rack and extending the lower 
end to form a plunger to deflect the system under test, 
it is evident that the arrangement can conveniently 
be made to measure the desired stiffness. The 
simple equations governing the derivation of the 
stiffness will now be set up, taking account of the 
possible effect of the minute flexure relative to the 
frame of the arm supporting the meter and the 
effect of this flexure upon the accuracy of the 
measurement. Let P be the upward reaction force 
of the system deflected 6, under test and let the 
meter cantilever supporting arm deflect “, so that 
the apparent deflection of the indicator dial is 6. 
Let the indicator dial spring stiffness be k, and the 
supporting arm stiffness referred to the force axis 
be ». Let P, be the initial small reaction force, 
m, the mass of the scale pan system and cone 
deflecting spider acting downwards, and 4, the 
small initial meter deflection. Let P., m, and 64, 
be the new quantities when m,> m,. 

The two force equations are 


P, — mg - kd : DO ceecesereserecer (2) 
Pe ~ Mal + Bile = 0 co iicsnsecesccsces (3) 


- - 


or if linearity be assumed for this range in the 
variables, the equation 


AP — AMG + HAB =O ceccccccevccees (4) 
may be written for finite changes. 

Let Ad, be the actual change in deflection 
of the system under test, \6 the apparent change 


* DD. A. Oliver lourn. Sci. Instrs. VII (1930) p.318. 
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in deflection as read by the meter and Ag, the 
actual change in deflection of the meter supporting 
arm. 


See BR 00 AE 4 BR oi vixecs coud kas <<: ee 
and Aé, = (Actual change in force on arm) /c 
= k.Ailo = y.A8 tf y =hk/s...... (6) 
Now AP = Am.g — k.Aé 
Pp m.g — k.Aé 
or S$ = = ee 


Ab: (Ad + Ads) 


| 


As y is normally much less than 1: for one 
representative meter, k =o.32,. megadyne/cm., 7 = 87 
megadyne/cm. and therefore y = 0.0037), equation 
(7) can be written to high accuracy as 


( sAm 
S=(1 - +) : (<“)e-k | cakes = Se 


If m is expressed in grams. 


6 is expressed in hundredths of millimetres 
(i.e., dial divisions). 


k is spring stiffness in megadyne/cm. 
Then for the same meter 


wa ore | 
5 = 0.996 | (|; ) 0.981 0.322 megadyne/cm. 


or § = 0.977 (<") — 0.32, megadyne/cm. .. (9) 





Fis. 2.—-Stiffness meter with cone in position. 


DESCRIPTION OF INSTRUMENT. 


The general appearance of the complete apparatus 
when a cone is under test is seen in fig. 2', while an 
elevation showing certain details more clearly 1s 
given in fig. 3. 

A vertical pillar A fixed to a flat base plate B 
is surmounted by a meter-supporting arm C. The 
arm is clamped to the pillar by a knurled nut D 
and stops are provided at this bearing by cutting 


+ This instrument was manufactured by H. Tinsley & Co. from an 
experimental modei. 
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away part of the bearing skirt and inserting a grub 
screw in the pillar. It is arranged that when the 
arm is in contact with the stop in one position the 
meter plunger axis is coincident with the axis of 
the cone clamping rings. 

The meter itself can be adjusted vertically on 
the arm C by the rack and pinion operated by the 
head E, and fixed in any position by the use of the 
clamping screw F. Axial rotation of the head G 
supporting the meter itself is prevented by means 
of a milled vertical slot behind the rack in which 
slides the projecting end of a screwed pin carried 
by the head G. On the scale pan H a shallow lip is 
turned to prevent the added masses from slipping 
off and its own mass is adjusted by turning down 
on its under surface until the scale pan mass and the 
plunger mass have together deflected the meter 
exactly one revolution. In taking observations the 
actual revolutions are therefore one less than those 
registered by the small needle of the meter, which 
can be seen in fig. 2. 

The flanges on the cones themselves are for the 
test clamped between flat metal rings of the appro- 
priate size. The lower ring is screwed to four 
upright pillars, these in turn being fixed eccentrically 
on disc supports. These discs are secured to the 
base B by thumb screws, and the dimensions are 
chosen so that with only two tapped holes in the 


working as in the majority of cases the time taken 
to carry out a stiffness test once the cone was actually 
in position was less than the time required to insert 
or remove the cone itself. 
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Fig. 4..-Calibration of meter for spring stiffness. 


The range of the instrument is from approximately 


0.1 to at least 10.0 megadyne/cm. 
in stiffness. 

















METER CALIBRATIONS. 


Two calibrations were carried 
out on the dial indicator: 












































(rt) a deflection calibration, 
(2) a spring stiffness calibration. 








Two methods of checking the 
nominal deflections were applied. 
In the first a shim exactly 0.050, cm. 
in thickness was made up and used 
to step round the dial. The 
intervals were all found to fall 
between limits of 50 + 1 divisions 
(o.or mm.). A better calibra- 
tion was made by advancing a 
new micrometer screw gauge 























against the spring stiffness of 
the dial and the result of these 





Fig. 3.—General arrangement diagram of stiffness meter. tests taken every 25 divisions 


base B for each pillar it is possible to accommodate 
cone clamping rings having internal diameters 
ranging from 14 to 9} inches. This is a definite 
advantage when testing a cone of some particular 
size as the only additional requirement is one pair 
of rings having the correct dimensions. The special 
lever clamps were found necessary for quickness of 


showed that the mean error on any 
absolute indication was just under 0.5 division for 
deflections up to five complete revolutions and 
under 1.0 division for deflections up to ten complete 
revolutions. On measurements of deflection taken 
as differences the maximum error was 1.3 divisions. 
It is concluded therefore that in all ordinary stiffness 
testing the meter deflections can be taken as nominal 
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to well within two per cent, and in most cases the 
error will be considerably less than this amount. 

In the spring stiffness calibration a set of chemical 
balance weights was used of which the masses were 
known to be accurate to better than one part in a 
thousand. With these a force-deflection curve was 
taken with the plunger free and the results are 
shown in fig. 4. The dial indicator is correctly 
used un-lubricated and any slight residual friction 
in the meter is overcome by gently tapping the 
meter supporting arm with the hand. Perfectly 
steady and reproducible readings of deflection can 
be secured in this way. 


“METHOD OF OPERATION. 


In testing cones the supporting arm C is first 
swung clear of the base B to bear against its rear 
stop. One cone clamping ring of the appropriate 
size is then screwed to the four pillars after having 
rotated the pillars to the correct position. The 
upper clamping ring is then placed in position and 
the clamping blocks adjusted so that when the 
levers are depressed the upper ring is pulled down 
tightly on to the lower ring. On raising the levers, 
swinging the clamping heads to one side and removing 
the ring, the frame is ready to receive the cone 
which is placed in position and firmly secured by 
the upper ring and the clamps. The detachable 
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Fig. 5.—Typical test on cone of 12.5 cm. diameter 


m 
tan 4 ( 7 2.45, .°.& 2.15 = 0.977) — 0.32 


1.78 megadyne/cm. 


cone deflector is then placed inside the cone and the 
meter arm C swung round against its forward stop 
and the nut D tightened. The indicator plunger 
is then lowered into contact with the boss on the 
cone deflector J until the pointer rotates anti- 
clockwise for say 25 divisions and the screw tightened. 
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The arm C is then tapped lightly with the fingers to 
ensure a correct and steady indication when the 
adjustable meter scale can be turned until the 
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Fig. 6.—-Mechanical hysteresis loop on paper cone 
(R = 9.80 cm). 


readings are then taken for a series of loads and the 
overall force deflection curve plotted. If linear, 
the slope (Am/A6) is determined and equation (9) 
then gives the required value of stiffness. If non- 
linear, an actual force-deflection curve for the 
system under test can be obtained by subtracting 
from each of the test forces the meter force ké 
or by reading off from fig. 4 the equivalent meter 
load for a given deflection and correcting the test 
load appropriately. The stiffness of the non-linear 
system is given by the slope (aP/a5) of the 
derived force-deflection curve, but if the curvature 
is severe this quantity, which is a function of the 
amplitude, is usually of little practical value and the 
problem in general is to reduce or remove the 
non-linearity and to verify by repeating the test 
that this has been done. 

In limit tests on large batches of cones of the 
same type it has been found sufficient merely to 
observe the deflection produced by adding a 


single mass to the scale pan. High and low rejection 
limits can be marked in ink on the glass cover of the 
indicator, if adjustable pointers are not fitted. 
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It thus becomes a matter of routine testing to 
observe whether the cone falls within the prescribed 
limits of pointer deflection, and when a large number 
of cones are involved the advantage of providing 
rapidly operated clamping arrangements is very 
soon apparent. 
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INCREASE IN CLAMPING RADIUS A R: cm. 


Fig. 7.—-Variation of cone stiffness with increase 
in clamping radius. 


TYPICAL MEASUREMENTS ON CONES. 


To illustrate the simplicity of deriving the 
required result for a particular cone (12.5 cm. dia.) 
when several pairs of force-deflection observations 
are taken, reference is made to fig. 5. Slight non- 
linearity is present for deflections greater than 
1.2 mm. but the initial stiffness is quite definite. 
However, it has been found that if a new moulded 
cone is inserted in the stiffness meter and force- 
deflection observations taken, mechanical hysteresis 
effects are present. To show both the hysteresis 
and non-linear effects, the measurements on a new 
moulded paper cone of 19.6 cm. (the external 
diameter of the corrugations) are plotted in fig. 6. 
In this test the clamping was undisturbed and the 
frame reversed. The sequence is indicated in which 
the various deflections were made and it is interesting 
that, after a total deflection of approximately 0.6 cm. 
the readings are reproduced to less than 0.01 cm. 
or 4 per cent of the initial value. The area of the 
loop is a measure of the work done on the cone in 
one cycle of almost 0.3 cm. peak amplitude, but its 
relation to the losses present under alternating 
conditions will not be discussed here, although 
its analogue in magnetic studies will be evident. 
The curves in fig. 6 are, however, linear to values 
of amplitude greater than those observed for the 
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cones under working conditions. From curve (1) 
fig. 6, the initial stiffness is 0.86 megadyne/cm. 

In the rapid testing of cones, uncertainties of 
the order of a few per cent can occur, but usually 
this is sufficiently accurate for commercial purposes. 
Rejection limits may be fixed which are relatively 
wide in stiffness and the bulk of a mass-produced 
product should be averaged to fall midway between 
the rejection limits by a suitable choice of the internal 
radius of clamping. The variation in stiffness with 
clamping radius for the same type of cone as that 
tested for mechanical hysteresis (fig. 6) is seen in 
fig. 7, from which it is apparent that a 2: 1 variation 
in cone stiffness can be achieved dependent on 
the extent of the paper surround (AR). 

Moulded cones when made by any good modern 
process usually satisfy the statistical tests for a 
controlled product, and if a Gaussian distribution 
of variation about a mean value be assumed, then 
standard deviations may be quoted. These range 
for certain designs between such limits as 0.15 
and 0.35, and with such data statistical estimates 
can be made if desired for production control.* 


TYPICAL MEASUREMENTS ON CENTRING 
SPIDERS. 


Mention has already been made of the stiffness 
of the “‘spider’’ or device adopted to locate the voice 
coil of a moving coil loudspeaker centrally in the 
air gap of the field circuit. The stiffness meter can 
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Fig. 8.—Jig for holding centring devices during 
test. 

be adapted quite simply to observe the force- 
deflection curves for centring spiders of different 
designs when holders such as are illustrated in 
fig. 8 are constructed to suit individual designs. 
A solid block is placed on the base plate of the meter 
to pack the reversible holder up to a suitable height 
within the range of the dial rack adjustment. A 
typical curve for a non-linear internal spiral armed 
spider is given in fig. 9 (A) and curve (B) is a similar 
one for a very nearly perfect external spider. The 
stiffness of the external spider is 0.385 megadyne/cm. 

It was considered of interest to compare the 
harmonic components introduced into the resulting 
amplitude when a sine-wave force was applied in 


* eg. Pearson. Journ. Roy. Statistical Soc. ACVI, Part 1. 1933, p.21. 
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each case. The analysis was carried out by using 
formule developed by Espley* which enable the 
harmonic analysis to be performed from actual 
readings of amplitude for equally spaced ordinates 
of force. From readings tabulated from the measured 
curve the harmonics due to non-linearity have 
been calculated, and the results are as follows: 
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Fig. 9.— Force-deflection curves for centring spiders. 


Curve A. 


Force sinusoidal: peak amplitude = 8.0 x 10‘dyne. 


y = 0.066 + 0.17, 
‘sin wt — 0.26 cos 2 wf + 0.11 sin 3 wf 


— 0.05 cos 4 wt + 0.04 sin 5 wt cm. 


Force sinusoidal : peak amplitude = 4.0 x 10°dyne. 


yY = 0.041 + 0.12) 
sin wt — 0.22 cos 2 wt + 0.08 sin 3 ut 
— 0.13 cos 4 wt + 0.004 sin 5 wt -cm. 
Curve B. 


Force sinusoidal: peak amplitude = 8.0 x 10°dyne. 


yY = 0.003 + 0.10, 
Sin wt — 0.02, COS 2 wf — 0.00, SiN 3 wf 
0.01, COS 4 wf — 0.01, Sin 5 ot ‘cm. 


° DD. C. Espley Proc. I. R.E. Vol.21 (1933). p.1439. 
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In the case of the non-linear spider (curve A) 
the analysis was performed for two amplitudes but 
it is seen that the percentage harmonics change but 
slightly. This conclusion holds only for a curve 
of that general shape. For the linear spider (curve 
B) one amplitude is sufficient as the harmonics are 
small and the constant term negligible. 

For curve A, the presence of the quite large 
constant term means that the spider rim moves 
forward and takes up a new mean position in the 
oscillating condition different from its position when 
stationary. This deduction may in part explain 
why, when an excessive alternating force is applied 
sufficient to stretch the arms, the tendency is to give 
the spider a dished and permanent set. This 
constant term in the displacement is analogous to 
the rise in steady anode current which occurs when 
an alternating voltage is applied to the grid of an 
over-biassed triode valve, and when large it is 
troublesome as it implies that the voice coil is not 
necessarily oscillating in the uniform field provided 
for it. Consequent on this is a probable reduction 
in force-factor and an almost certain further pro- 
duction of harmonics in the voice coil due to an 
unsymmetrical excursion in a non-uniform magnetic 
field. 

It should, however, be pointed out that in 
studying the performance of centring devices above, 
we are not dealing with the overall restoring force 
characteristic of the finished loudspeaker, especially 
as it is not uncommon to find the greater part of the 
total restoring force located in the peripheral zone 
of the cone which normally has a much higher order 
of linearity than an inferior centring spider. Such 
calculations on centring spiders are therefore chiefly 
of value for comparison purposes and for indicating 
a maximum degree of harmonic generation at low 
frequencies which is not likely to be found present 
in a finished loudspeaker. 

Although in the foregoing description the applic- 
ations have been confined almost exclusively to 
loudspeakers, it should be borne in mind that the 
instrument can also be used to facilitate the adjust- 
ment of the elastic elements in mechanical filters, 
in measurements on flat and coiled springs, and in 
a number of other problems. 
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Electrical Equipment for the British Grid. 


PART IIIL—METERING EQUIPMENT. 


HE linking up of power 

Stations to the Grid and 

the interchange of power 
between one station and another 
or between one group of stations 
and another group, has necessitated 
methods of metering which have 
resulted in many new develop- 
ments. The larger power stations 
are connected to the Grid through 
step down transformers having 132 
kV primaries and 66 kV, 33 kV or 
11 kV secondaries. The smaller 
undertakings are connected to the 
secondary transmission system. In 
every ,case, at least two trans- 


By S. JAMES, A.M.1.E.E., 


Chief Engineer, Chamberlain & Hookham Limited, 


The accompanying article is 
believed to be the most complete 
description published of the method 
of metering employed on the Grid. 
It forms the subject of the third of 
a series of four articles which des- 
cribe the electrical equipment 
supplied by the G.E.C. to the 
Central Electricity Board. 


The previous two articles dealt 
with (1) Outdoor Sub-Station 
Equipment, and (2) Towers, 
Transmission Lines and Cables, 
and appeared in Vol. IV., No. 4 
and Vol. V., No. 1 respectively. 


to the Central Electricity Board in 
the Central England and the North- 
East England areas is described. 

In the Central England area, 
the metering equipment is installed 
at twenty stations, each installation 
comprising a polished slate board 
on which are mounted the various 
meters etc., as illustrated in figs. 
1 to 5. Similar equipment is also 
installed in nine stations in the 
N.E. England area (figs. 6 and 9). 


DESCRIPTION OF METERING 
SCHEME. 


The lay-out of the metering 
equipment is very similar in the 





formers are provided between the 
Grid and the supply undertaking, and metering 
is carried out on the secondary side of the Board’s 
transformers. Although the standards of accuracy 
called for in this country for ordinary commercial 
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two schemes under consideration. 
In each installation the circuits to be metered 
comprise generators, or transformers, or both. A 
typical installation is illustrated in fig. 1 which shows 
the equipment erected at Wolverhampton. This 





Fig. 1.—Metering equipment at Wolverhampton in the Central England area of the Grid. 


metering are higher than in any other country in 
the world, these standards were not sufficiently 
stringent to meet the requirements of the Electricity 
Commissioners. New meters of extraordinary 
accuracy have been developed and methods of 
summating and recording the readings of these 


meters devised. In this article, the metering equip- 
ment supplied by Chamberlain & Hookham, Ltd. 


comprises meters for five generator circuits and two 
transformer circuits, together with summators and 
printometers. The panel on the extreme right 
is fitted with supervisory gear and forms no part 
of the metering equipment. 

Each generator metering panel is provided with 
three meters, two being mounted on the top half, 
and one on the bottom half. 
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The upper meter is the main kWh meter and 1s 
used for impulsing on to one of the summators. 
The middle meter is a check kWh meter and does 
not normally impulse a summator, although it may 
be used for this purpose if desired. The lower 
meter measures the reactive kVAh and this also 
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Fig. 2.—Part of metering equipment at Ocker Hill (Central England area). 
On the right are the supervisory control panels. 


is used for impulsing on to a summator. No check 
is provided for the reactive kVAh meter. All 
three meters are connected in series and are fed from 
one three-phase or two single-phase potential trans- 
formers and one pair of current transformers. 

On the upper panel, between the main and check 
kWh meters, two potential indicator lamps are fitted. 
The potential indicators are connected in parallel 
with the meter pressure coils and when the circuit is 
alive, both indicators are illuminated. The potential 
transformers supplying the meters have fuses on 
primary and secondary, the secondary fuses being 
mounted in a sealed compartment on the lower 
panel just below the reactive meter. In the event 
of a fuse blowing, this fact would not be obvious 
from an inspection of the meters as they would still 
continue to operate, although inaccurately. The 
potential indicator lamps give this information 
and in addition indicate which phase is open. If 
the fuse blows in either the red or the blue phase 
the appropriate lamp (i.e., the left hand or right 
hand lamp respectively) is extinguished. Failure of 
the fuse in the white phase reduces the brilliance of 
both lamps quite sufficiently to be obvious. 

The cap of the potential indicator is fitted with a 
ruby reflex glass and when the circuit is alive is 
clearly visible from any angle, even in bright sun- 
light. Owing to the necessity for keeping down 
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the burden on the potential transformers, a small 
transformer having a ratio of 110/4.5 volts is con- 
nected between the meter pressure coils and the lamp. 
The latter is made for a pressure of 6 volts but 
provides ample indication with 4.5 volts, the 
total burden due to the lamp and the transformer 
being less than 5 VA. A further 
advantage of this arrangement is 
that the wunder-running of the 
lamp prolongs its life. 

At the bottom of each panel, a 
test terminal box is fitted, which 
permits a check meter to be instal- 
led at any time for verifying the 
| accuracy of the meters on the 
i f panel. A row of bushed holes in 
= the under-side of the terminal 
box permits the insertion of leads 
for connecting the check meter. 
Under normal conditions, when 
the terminal cover is in position 
and sealed, a strip of insulating 
material attached to the inside of 
the cover projects over the bushed 
holes and prevents unauthorised 
access to the terminals. When 
it is desired to carry out a test, 
the terminal cover is removed and 
the leads inserted through the 














Fig. 3.—Metering panels at Hams Hall Power 
Station (Central England area). 


bushed holes, after which the check meter is 
connected up. Two swing links in the box enable 
the series circuits of the panel meters to be opened 
for the insertion of the check meter current 
coils. If the test is of long duration, the terminal 
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cover may be replaced and sealed, and as the check 
meter terminals are under lock and key, no inter- 
ference with the test can take place. The test box 
also permits the connection of a special testing set 
with a phantom load when it is desired to vary 
the load on the meters or to effect adjustments 
on site. This testing set will be 
referred to later. 

All meters are fitted with ratchets 
and pawls to prevent reverse rotation. 
Under normal conditions, reverse 
current should not flow through 
generator meters, but reversal may 
occur when machines are being syn- 
chronised. Also, the reactive meters 
will tend to reverse if a leading 
current is passing and this occurs at 
times of light load when feeding a 
long line. 

In the majority of stations, the 
metering of a transformer circuit 
requires six meters, three being neces- 
sary for measuring the import from 
the Grid and three for the export to 
the Grid. In the Central England 
area, the meters are arranged on 
two panels in two sets of three each, 
uniform with the generator panels. 

In the North-East England area, 
the six meters are all mounted on 
a single panel. All the meters are in series with 
one set of current and potential transformers and 
consequently only one test terminal box, one set 
of potential transformer fuses, and one pair of 
potential indicator lamps are necessary per Board 
transformer circuit. 

In a few instances, a station has no generators 
and is arranged for import only. In others, the 
whole output of the station is fed through the Board’s 
transformers into the secondary transmission system 
and no provision is made for importing from the 
Grid. In these cases three meters only are provided 
and the panels are uniform with the generator 
panels. 

It will be noted that all the main kWh meters 
form the top row across the panels, all the check 
kWh meters the middle row, and all the reactive 
meters the bottom row. 

The current and potential transformers for the 
generator meters are usually mounted in the generator 
switchgear. Owing to the very small limits of error 
permissible in the meters, the existing current 
transformers have invariably been found to be 
unsuitable and new transformers of a much higher 
degree of accuracy have had to be installed. This 
has frequently necessitated alterations to existing 
switchgear in order to accommodate the additional 
transformers and in cases where insufficient space 


has been available, alternative accommodation has 
had to be found. Wire armoured multicore cables 
run between the meter panels and the current and 
potential transformers, the distance apart being 
in some cases more than 300 feet. Whenever 
possible, existing potential transformers have been 





Fig. 4.—-Metering board at Leicester (Central England area). The 
integrating meters are on the left hand board and the printometers 
and summators on the three right hand panels. 


used but where the additional burden has resulted 
in an overload, or where the grade of accuracy has 
been too low, new transformers have been installed. 

Every current and potential transformer has 
been independently tested for ratio and phase angle 
over a range of loads and at two or more burdens. 
A record of the test results obtained on each trans- 
former and meter has been made, so that it will 
be possible at any future time to recalibrate any 
meter without disturbing its transformers. Where 
existing potential transformers have been used, 
these have been removed from site at some con- 
venient time and transported to the meter manu- 
facturer’s works for test. 

The smallest current transformers used have 
a rating of 15 volt-amperes, but owing to the con- 
siderable length of some of the multi-core cables, 
it has been necessary at times to use 40 volt-ampere 
transformers. This has been frequently necessary 
in the case of the Board’s transformer circuits 
where the burden has consisted of six meters and the 
runs have been longer, particularly as allowance 
has had to be made for the additional burden which 
will be included when check meters are connected 
in series with the panel meters at the test terminal 
box. 

Large numbers of current transformers having 
Mumetal cores have been used particularly on the 
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Board’s transformer circuits. The necessity for 
these expensive transformers arises partly because 
of the very small errors permissible in the meters 
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Fig. 5..-Summators and printometers at Stourport 
(Central England area). 

and partly because of the limitation of the primary 

ampere turns. Wherever possible, the primary of 

a current transformer has consisted of a plain bar 





Fig. 6.—-Typical North East area metering equipment. 
the board at Dunston Power Station. 
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constituting a single turn in order to render the 
transformer capable of withstanding the disruptive 
effect of the abnormally heavy current which may 
pass through it in the event of a short circuit occurring 
on the system. The core of the transformer has 
been made up from jointless ring stampings and 
where a multi-turn primary has been essential this 
has been limited as a rule to 800 ampere-turns. 

The three summator panels shown on the right 
in fig. 1 each comprises two summators and two 
printometers. The summators are actuated by 
electrical impulses controlled by the integrating 
meters and the printometers are actuated by impulses 
received from the summators. Each printometer 
is associated with the summator immediately above 
it on the same panel. The top half of each panel 
deals with kWh and kW measurements and the bottom 
half of each panel with reactive kVAh and reactive 
kVA measurements. In the Central England area, 
all summators are provided with maximum demand 
indicators, but in the North-East England area, 
the demand indicators are omitted in many instances 
from the reactive summators. The printometers 
give a printed record every half hour of the average 
demand in kW or kVA over the previous thirty 
minutes. The master clock seen on the extreme 
left in fig. 1 controls the measuring period of the 
maximum demand indicators and the printometers. 
In all stations, the measuring period begins 
on the hour and the half-hour, as for example, 
10.0, 10.30, I1.0, 11.30, etc. 


The summator panels comprise :— 
1 Generator summator panel. 
1 Local demand summator panel. 
1 Import summator panel. 


The generator summator registers the 
output of each individual generator, the 
total amount generated and the simultaneous 
maximum demand on all the generators. 
The local demand summator registers the 
total amount generated, the total amount 
imported and the amount exported on each 
of the Board’s circuits, together with the 
local maximum demand. This latter quantity 
may comprise in any half-hourly measuring 
period (1) the total amount generated plus 
the total amount imported, or (2) the total 
amount generated minus the total amount 
exported, or (3) the total amount generated 
plus the total amount imported minus the 
total amount exported, should import 
and export take place in the same 
measuring period. The import summator 
registers the import on each individual 
circuit, the total import and the simul- 
taneous maximum demand on the import 
circuits. 
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This practice is departed from in some of the 
stations in the North-East England area where 
the summator panels comprise :— 


1 Generator summator panel. 
1 Export summator panel. 
1 Import summator panel. 


For the operation of the summators and print- 
ometers, a supply of current at 110 volts 50 cycles 
must at all times be available. This current is 
usually obtained from a single phase potential 
transformer and since the burden is variable and 
at the time of operating the printometers is con- 
siderable, arrangements are made to avoid affecting 
the accuracy of the integrating meters. Usually, 
a separate transformer is provided, but where a 
three phase transformer is used for the meters, 
the summator supply is taken from that phase which 
does not supply current to the meter pressure coils. 

In order that the summation equipment may 
still function in the event of a failure of supply on 
the circuit normally feeding the summators, provision 
is made for alternative supplies from two other 
circuits. Two potential selector relays are fitted 
on the bottom half of the meter panel adjacent to 
the summator panels. If the normal supply to the 
summators fails, one relay immediately changes 
over to the second selected circuit. When the 
normal supply is resumed, the relay changes back 
again. If both supplies fail, the second relay 
connects the summators to the third supply but 
immediately changes back when the first or the 
second selected circuit becomes alive. Three pairs 
of fuses for the three circuits are housed in a sealed 
compartment on one of the meter panels. 
Immediately below the fuse compartment, a press 
switch is fixed for the purpose of setting the demand 
indicator pointers to zero after the periodical readings 
have been taken. This operation is performed 
electrically, and all the pointers fly back to zero 
simultaneously when the switch is closed. By this 
means, the necessity for opening the summators 
or for inserting a key in each one in succession is 
avoided. To prevent unauthorised operation, the 
button on the press switch is sealed. 

The key diagram shown in fig. 7 illustrates the 
simplest method of connecting meters and sum- 
mators in a typical summating scheme. The 
installation consists of four generators connected 
to the undertaking’s bus-bars together with two of 
the Board’s transformers. Each generator circuit 
is fitted with three meters, a main kWh meter, a 
check kWh meter, and a reactive kVAh meter 
respectively. The four main kWh meters are 
connected by pilots to the generator kWh summator 
which in turn is connected to the generator kW 
printometer. The four reactive meters are con- 
nected in similar fashion to the generator reactive 


summator and printometer. The check meters 
are not connected to a summator. 

Each of the Board’s two transformer circuits 
is fitted with six meters, three being arranged to 
measure import and three to measure export. Each 
set of three consists of a main kWh meter, a check 
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Fig. 7.—-Diagram illustrating method of connecting 
meters and summators in a typical metering scheme. 


kWh meter and a reactive kVAh meter. Four 
Summators together with their associated print- 
ometers are provided, namely 

(1) Import kWh summator, 

(2) Import reactive summator, 

(3) Export kWh summator, and 

(4) Export reactive summator. 
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Fig. 8.._A method of summation metering 
involving positive and negative. 
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they are intended to operate. The Board’s trans- 
formers may operate singly or in parallel. Alter- 
natively, import may take place on one and export 
on the other at the same time. 





Fig. 9._-Metering equipment at Darlington (North East 
England area). 


The key diagram shown in fig. 8 illustrates a 
more elaborate method of summation metering. 
In order to simplify the diagram, the reactive 
summators and printometers have been omitted as 
these are duplicates of the corresponding kWh 
portion of the equipment. 

The generator summator is here shown connected 
to four generator meters and two auxiliary meters. 
The latter measure the energy supplied to the 
power station auxiliaries, and in arriving at the 
maximum demand on the generating plant, the 
consumption of the auxiliaries is deducted from the 
total amount generated. This subtraction is made 
by an electrical method which will be described 
later. The nett output of the generators after 
making this deduction is recorded periodically 
on the generator printometer. 

The import summator 1s connected to the two 
import meters on the Board’s transformer circuits 
and impulses on to the import printometer. It 
will be observed that the two import meters, in 
addition to impulsing on to the import summator, 
are also connected to the local demand summator. 

The local demand summator is_ connected 
to the import meters, the export meters and the 
generator summator. The impulses received from 
the latter are the same in number as are passed on 
to the generator printometer. The impulses 
received from the export meters are deducted from 
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the positive total, so that the demand indicator 
on the local demand summator registers the actual 
maximum demand of the local undertaking. The 
printometer associated with this summator registers 
the total average load on the undertaking 
in kW during each 30 minute period. 


GENERAL DESCRIPTION OF SUMMATION 
METERING SYSTEM. 


Reference has already been made to the 
fact that the meters are connected through 
pilots to the summators and that the latter 
are operated by means of electrical impulses 
received from or controlled by the meters. 
The method whereby this is accomplished 
will now be described. 

A summator does not in itself measure 
the consumption of electricity; it merely 
registers the receipt of electrical impulses. 
The Chamberlain & Hookham summator 
gives a record of the consumption in each 
individual circuit to which it is connected, 
together with the total consumption in all 
the circuits and the simultaneous maximum 
demand on these circuits measured over 
half-hourly intervals. The consumption is 
measured in kilowatt-hours or reactive 
kilovolt ampere-hours and the maximum 
demand is indicated in kilowatts or reactive 
kilovolt-amperes. 

The summation equipment for kWh or kW 
registration is exactly the same as for reactive kVAh 
or reactive kVA and in the description which follows 
it will be understood that a reference to kWh or kW 
registration on a summator applies equally to the 
reactive equipment. 

To summate a number of separate circuits on a 
single summator, it is necessary to insert in each 
circuit an integrating meter for the purpose of 
measuring accurately the consumption in _ that 
circuit. Each integrating meter is fitted with a 
contact making device embodied in the counting 
train. When current is passed through the integrat- 
ing meter, the contact maker closes and opens a 
circuit through a relay embodied in the summator. 
Each closure of the contact maker corresponds to 
the passage of a predetermined number of kilowatt- 
hours, and when the circuit in which the meter is 
connected is on load, a series of impulses will be 
transmitted from the meter to the summator. 

The summator comprises a number of relays, 
one for each circuit being metered. The function 
of the relays is to receive impulses from the meters 
and in due course to pass them on to the registering 
mechanism. It will be understood that when a 
number of meters connected to a summator are 
sending out impulses, the possibility of two or more 
impulses being sent out simultaneously will arise. 
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To ensure that every impulse received is registered 
separately, provision is made whereby impulses may 
be stored for a short time interval in the relays 
actuated by the meters. A rotary switching device 
driven by a small motor which is running con- 
tinuously, makes connection with each relay in turn. 
On arriving at a relay having an impulse in storage, 
the impulse is released and allowed to actuate the 
registering devices and at the same time the relay 
is restored to the condition enabling it to receive 
another impulse. 

The duration of storage of an impulse is very 
short, varying from a fraction of a second to several 
seconds. No two relays can be connected to the 
rotary switch at the same instant, and consequently 
any number of impulses arriving from the meters 
simultaneously must be registered in succession. 
The rate of operation of the rotary switch is such 
that a meter cannot send out an impulse until its 
associated relay has had time to dispose of the 
previous one. 

The registering mechanism of a summator 
consists of a repeating counter for each of the circuits 
being metered, a totalising counter which gives 
the sum of the readings on the repeating counters, 
and a maximum demand indicator. Each of these 
components is actuated by a small electro-magnet 
working through a ratchet and pawl device. 

The demand indicator registers the average load 
in kilowatts every half-hour and drives a pointer 
which indicates the maximum load which has 
occurred during any half-hourly interval since the 
last time it was re-set. The half-hourly interval 
is accurately determined by a master clock which 
closes a mercury switch for two seconds at each 
hour and half-hour. Closure of this switch sets 
the driving mechanism of the demand indicator 
to zero, leaving the demand pointer in the position 
to which it has been driven. At the beginning of 
each month, or whenever it is necessary to reset 
the demand indicator pointer, a push-button mounted 
adjacent to the summator may be pressed. This 
closes a circuit through an electro-magnet which 
allows the demand pointer to return to zero. 

Where it is necessary to obtain a record of the 
average load during each half-hour, a printometer 
is provided. This instrument gives a printed record 
on a paper roll of the average kilowatt load at each 
hour and half-hour. It is actuated by electrical 
impulses in the same manner as the summator, but 
it has no direct connection with the integrating 
meters. Instead, a contact making device is fitted 
on to the demand indicator mechanism and each 
impulse which passes through the demand indicator 
is re-impulsed on to the printometer. 

A summator in its simplest form is arranged to 
register quantities of like sign ; that is to say, positive 
quantities. This is the case, for example, where 


a summator is registering the gross output of a 
number of generators, or where the energy supplied 
to a number of outgoing feeders must be determined. 
But cases arise where it is desired to know the 
resultant of energy flow in two directions or where a 
subtraction is necessary. An example of this nature 
is the case where a power station having a number of 
generators working in parallel is supplying a network. 
Of the total amount generated a portion only is 
supplied to the network and the remainder is used 
for the operation of auxiliaries and the like. A 
further example is the case of a number of feeders 
connected to the busbars of a power station and 
where the direction of power flow in some of the 
feeders may change from time to time. 

In cases like the foregoing, a modification is 
necessary in the summator to enable it to deal with 
positive and negative quantities. An ordinary 
summator is not reversible ; that is to say, impulses 
which have been added to the total cannot be 
deducted. To deal with this condition a special 
relay is provided called a subtraction relay, the 
function of which is to cancel positive impulses, 
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Fig. 10.—-Generator meters at Ocker Hill. 


equal in value to negative impulses, after the receipt 
of the latter. The term “positive impulse’ means 
an impulse which should be added to the total, 
and “negative impulse’ means one which should 
be subtracted from the total. 

A summator designed to deal with subtraction 
as well as addition is so arranged that the negative 
impulses do not pass through the  totalising 
mechanism or demand indicator. Negative impulses 
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are registered on the appropriate repeating counter 
and pass one at a time through the subtraction relay. 
The passage of a negative impulse through the 
subtraction relay opens the circuit through the 
totaliser and the demand indicator, with the result 
that the next positive impulse effects no registration 
on either of these components, and only actuates 
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Fig. 11.-Interior of integrating meter. 





the appropriate repeating counter. The effect of 
this procedure is that a negative impulse does not 
cancel a preceding positive but cancels instead a 
succeeding positive. The positive impulse which 
succeeds a negative, restores the subtraction relay 
to its original condition and switches in the totaliser 
and demand indicator, so that positive impulses will 
again actuate these components in a normal manner. 


INTEGRATING METERS. 

The integrating meters used in connection with 
summation metering equipments are of a special 
type, having a very high torque, low speed of 
rotation and capable of adjustment to give a very 
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Table I. 
OF ERROR FOR INTEGRATING METERS. 
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high degree of accuracy. A meter of this type is 
shown in fig. 11. The counting train has seven 
indices, the fastest moving of which enables time 
tests of short duration to be taken with a very close 
degree of accuracy. In the majority of cases, the 
first pointer makes one revolution in two minutes 
or less when the meter is fully loaded. The armature 
discs are unusually large in diameter and are carried 
on a tubular spindle giving a very rigid construction. 
The bottom pivot and jewel are removable as a 
single unit, and may be replaced when worn without 
necessitating recalibration of the meter. Four brake 
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Fig. 12._-Method of connecting a kWh and reactive meter 
to current and potential transformers. 


magnets are provided, each of which is independently 
adjustable. All meters are fitted with a ratchet 
and pawl to prevent backward rotation. 

The reactive meters are similar in construction 
to the kilowatt-hour meters, but the pressure circuit 
is modified by the addition of an external reactance 
coil and the connections are somewhat different. 
A connection diagram showing the method of con- 
necting a kilowatt-hour meter and a reactive meter 
to current and potential transformers may be seen 
in fig. 12. It will be observed that the external 
reactance coil is connected in star with the two 
meter pressure coils and an artificial neutral point 
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is produced. The technical data relating to kWh 
and kVAh meters of this type are as follow :— 


Torque at full load 
Speed of rotor at full load 
Weight of rotor .. a 
Shunt loss 
Series loss 


20 to 25 cm. grs 

16 to 24 r.p.m. 

ae .. 66 grammes 
.. 17 VA per element 
. 0.6 to 1.0 VA per element 


The limits of error specified by the Central 
Electricity Board for integrating meters in different 
classes of service are detailed in Table 1, together 
with the corresponding limits of error for commercial 
grade meters as laid down in the current British 
Standard Specification for Electricity Meters. It 
is worthy of note that the errors of meters on the 
Board's circuits: are within plus or minus 0.5 per 
cent. at unity power factor over the greater portion 
of their range. This limit is only one-fifth of the 
permissible limit for “(Commercial Grade’’ meters 
complying with the British Standard Specification. 

When it is remembered that this limit of 0.5 
per cent. includes all current and potential trans- 
former errors and errors due to disturbing factors 
such as the addition of a ratchet and pawl and a 
contact making device actuated by the meter, and 
further, that this limit must not be exceeded when 
the phase rotation is reversed, or the load is 
unbalanced, the results obtained may be: regarded 
as a notable achievement. 


CURRENT TRANSFORMERS. 


Owing to the very close accuracy demanded 
by the Central Electricity Board for meters on the 
Board’s transformer circuits, current transformers 
with unusually small errors became necessary. 
The highest grade of transformer available for 
metering purposes had previously been Class ‘‘A’’ 
(B.S.S. No. 81/1927) but the errors of the meter 
when calibrated with such a transformer could not 
be reduced to the required limits, and a new class 
of transformer had to be introduced. The limits 
of error for this new type are as follow :— 


Table II. 





Absolute error Variationin error 


Per cent of 


Rated Full Load. 
Ratio Phase Ratio Phase 


ISO 0 0/ } 
125°, to 10% 0.30% 124 mins. 


125% to 5% 30 min. 0.75% 20 min. 


0 ~ € c 
100°, to 5° | .O& 











The important point to note in connection with 
these limits of error is the smallness of the variation 
in the error. The absolute values of the permissible 


error are comparatively large, but because single 
turn primaries were called for in the majority of 
cases, a reduction in these limits could not reasonably 
be expected. The variation in the error is very 
small, particularly in view of the fact that many 
transformers are of 40 volt-ampere rating with 
primary ampere turns of 600 or less. Such trans- 
formers had previously been manufactured for 
laboratory purposes, and for precision testing, but 
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Fig. 13.—Contact making device on the integrating 
meter. 


owing to the very small demand they were naturally 
expensive. They have now been made in con- 
siderable numbers for precision metering and one 
may reasonably look forward to this class being 
included in future editions of the British Standard 
Specification for Instrument Transformers. 


CONTACT MAKING DEVICE, 


The contact making device on the integrating 
meter is embodied in the counting train and 1s 
shown in fig. 13. It consists of a _ flexible 
phosphor bronze blade attached at one end to 
a block of insulating material and having a 
thin ivory plate secured to the free end. A cam, 
driven through appropriate gearing by the meter, 
engages with the ivory plate and the tension on the 
blade is so adjusted that it can follow the movement 
of the cam throughout practically the whole of a 
revolution. Two fixed contact blades are arranged, 
one above, and one below the movable contact blade. 
As the cam revolves under the influence of the meter, 
the movable blade is depressed, until it makes 
contact with the lower fixed blade. Further move- 
ment of the cam allows the movable blade to leave 
the lower contact and in turn to make contact with 
the upper fixed blade. Both fixed blades are under 
slight tension and rest normally against stiffening 
plates which determine the position of the contact 
points. Platinum tips are provided at the actual 
points of contact. The fixed blades are just lifted 
off their stiffening plates when the movable blade 
makes full engagement with them and the arc of 
movement of each of the contact points is such that 
a slight rubbing action takes place. The three 
contact blades are connected to terminals in the 
back of the integrating meter, from which pilot 
wires are taken to the summator. 
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SUMMATORS. 


A Summator consists of a number of elements 
designed to receive and store electrical impulses 
from integrating meters, and in due course to pass 
on these impulses to the registering mechanism. 
It also comprises elements for registering the 
impulses in appropriate units, indicating the circuit 
from which they originated, and giving the total 
consumption on all the circuits together with the 
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Fig. 14... View of a summator of the type used on the 


Grid. 


simultaneous maximum demand. An illustration 
of a summator is shown in fig. 14. 

For the better understanding of this description 
a connection diagram of a summator in its simplest 
form is shown in fig. 15. A modification of this 
for the purpose of summating positive and negative 
quantities is shown in fig. 16. In these two diagrams 
the relative positions of the various components 
may vary slightly from the positions they occupy 
in an actual summator, the object of this departure 
being to render the explanation as simple as possible. 

In fig. 15, a three-element summator 1s indicated 
together with the contact makers on three integrating 
meters. For the purpose of energising a summator 
a constant supply of alternating current is necessary 
and this is usually obtained from the secondary 
of a single phase potential transformer at 110 volts, 
50 cycles. 

The contact maker on each meter consists of 
a movable blade A and two fixed blades B and C. 
The fixed blades are connected by means of pilot 
wires between the meters and summator to the 
impulsing electromagnets, D and E on the relays. 
The blades A move backward and forward between 
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the contacts B and C when the meters are working 
and cause the coils D and E to be energised alter- 
nately. In the figure, the contact blade A is shown 
closed on to the contact B in the case of the meter 
number 3 and the impulsing coil D is energised. 
The circuit is complete from supply terminal Y 
via contact breaker F and pilot wire, to blade A, 
contact B, impulsing coil D and back to terminal X 
of the supply. 

Associated with each pair of impulsing coils is 
a relay armature G and a contact H. Normally 
the contact H is open but when an impulsing coil 
is energised, its associated armature falls and causes 
H to close. The bottom relay armature in fig. 15 
is shown in this position. 

A rotary switch J, shown in the figure in the form 
of a rotating arm moving over a series of fixed contact 
studs, is driven continuously by a small synchronous 
motor. Actually, the switch consists of a rotating 
barrel having a number of radially projecting pegs 
which act upon a number of contact blades, causing 
the latter to close and open in succession. The 
same result would be produced by the rotating arm 
and for the sake of simplicity the diagram is made 
accordingly. Each contact stud is connected to one 
side of a coil K which, when energised by an electrical 
impulse, operates a repeating counter causing the 
latter to advance one step. The other side of the 
coil is connected to the contact H on one of the 
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Fig. 15._-Simple connection diagram of a summator. 


relays. The arm of the rotary switch is connected 
to one end of a coil L which operates a counting 
train termed the totaliser. The latter registers the 
total number of impulses received by the summator 
or in other words, the total consumption. The 
other end of the coil L is connected to a coil M 
which advances the demand indicator mechanism, 
and thence to one pole Y of the supply. A coil NV 
on each relay, restores the armature G to its normal 
position after the passage of an impulse and opens 
the contact H. 

The registration of an impulse can now be 
explained. Assume that the contacts A, B on 
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meter number 3 have closed, energising the impulse 
coil D on the lowest relay and allowing the armature 
G of this relay to fall and close the contact H. The 
arm of the rotary switch J moving continuously 
will reach the lower right hand contact and at this 
instant a circuit will be established from supply lead 
X via relay restoring coil N, contact H, repeating 
counter coil K, rotary switch J, totaliser L, demand 
indicator M, and back to supply lead Y. The 
instant the circuit is completed at the rotary switch a 
current flows through the coils N, K, L and M. 
The coil N on being energised lifts the armature G 
of the relay and restores it to the position where the 
contact H is open. The current impulse has caused 
the repeating counter, the totaliser and the demand 
indicator, each to advance one tooth. The impulsing 
coil D may still be energised but the armature of 
the relay cannot again fall until the impulse coil E 
is energised in turn. It will be obvious that every 
impulse passes through the totaliser and the demand 
indicator, but the repeating counters only receive 
impulses from the particular circuits which they 
represent. 

Adjacent to the rotary switch in fig. 15, a cam P 
is shown. This cam is actually part of the rotary 
switch barrel and it may be assumed that it is rotating 
in synchronism with the arm of the rotary switch 
shown in the diagram. Three projections are shown 
on the cam which, when rotating, cause the contacts 
F to open periodically. These contacts as previously 
explained, are in the impulsing circuit of the meters 
and the instant when opening occurs is just prior to 
the instant when closure of the registering circuit 
takes place at the rotary switch arm. Closure does 
not take place until after the registering circuit is 
again open. The object of this interruptor is to 
prevent the receipt of an impulse from a meter at 
the same instant that a relay armature is being 
restored, as in certain remote circumstances an error 
in registration might arise therefrom. 

Where a printometer is provided, the impulses 
for actuating it are controlled by a contact 
maker R fixed on the demand indicator mechanism. 
This contact maker is similar to the contact maker 
on a meter but is larger. Each impulse passed 
through the demand indicator moves a flexible 
blade from one fixed contact to another. The 
operation of this device is referred to in the section 
dealing with printometers. 

Where a printometer is used in conjunction with 
a summator having no demand indicator, the contact 
maker R is fitted on to the totaliser L. 

A summator for dealing with positive and negative 
impulses is similar to the one just described, but it 
has in addition a component referred to as a sub- 
traction relay. Fig. 16 shows diagrammatically the 
connections of such a summator in its simplest form. 
Four meters are shown in this diagram, numbers 


1, 2 and 3 of which are arranged to impulse positively 
and number 4 to impulse negatively. Similar parts 
in figs. 15 and 16 are similarly lettered. 

The rotary switch is shown for convenience in 
two parts, the one part J, being arranged to deal 
with positive impulses, and the other part J, with 
negative impulses. The subtraction relay consists 
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Fig. 16._-Diagram of connections for a summator dealing 
with positive and negative impulses. 


of a coil S$ acting upon a contact maker 7. This 
contact maker is provided with three fixed blades 
and one movable blade U. The contact maker is 
shown in the normal position for receiving positive 
impulses and the summator functions in an exactly 
similar manner to that shown in fig. 7. Should 
number 4 meter now come into operation and send 
a negative impulse, the armature on the bottom 
relay will fall and close the contact at H. When 
the arm of the rotary switch J, arrives at the 
appropriate contact, an impulse will pass through 
the restoring coil N of the relay, the repeating 
counter K, the rotary switch J,, the lower pair of 
contacts on the subtraction relay T and the exciting 
coil S$ of the same. It will be noted that this impulse 
has not passed through the totaliser or the demand 
indicator and the only registration which has taken 
place has been on the repeating counter for this 
circuit. 

The effect of this impulse on the subtraction relay 
has been to transfer the movable blade U from the 
upper to the lower contact and to separate the two 
lower contacts. It will now be observed that no 
further negative impulses can be registered as the 
bottom pair of contacts is open. Also, the next 
impulse which must of necessity be a positive, will 
not pass through the totaliser or the demand indicator 
but will be transferred instead through the exciting 
coil S of the subtraction relay. The net result 
of this operation is that a positive impulse has been 
cancelled by a preceding negative impulse. The 
effect of the positive impulse passing through the 
exciting coil S of the relay is to transfer back the 
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movable blade to the upper contact and to re-close 
the lower pair of contacts. It will be understood 
that the two arms J, and J, of the rotary switch are 
rotating in synchronism together with the cam P. 
It will also be understood that the number of positive 
impulses must always exceed the number of negatives 
since a generating station cannot export more than 
it generates. 

The foregoing description gives an outline of 
the operation of a summator. A summator consists 
of a number of separate units comprising some or 
all of the following :— 


(a) Impulsing relays. 
(b) Rotary switch. 
(c) Repeating counters. 
(d) Totalising counter. 
(e) Maximum demand indicator. 
(f) Subtraction relay. 
Each of these components is dealt with separately. 


IMPULSING RELAYS. 


An impulsing relay is shown in fig. 17. The 
impulsing coils are energised alternately by the 
closing of the contact maker on the integrating 
meter with which the relay is associated. An arma- 
ture pivoted between these coils moves from side to 
side in response to impulses received, and so trips 
an L shaped pivoted latch. This latter, when 
tripped, allows a second armature G to fall, turning 
a cam at its right hand extremity and closing a pair 
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Fig. 17.--Diagrammatic arrangement of an 
impulsing relay. 











of contacts. In fig. 17, the contacts are shown in 
the closed position. This is equivalent to an impulse 
in storage. After a very short interval, the rotary 
switch will complete a circuit through the registering 
devices and also through the restoring coil. This 
immediately lifts the armature G on to the latch 
at the left of the L shaped lever and turns the cam 
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in an anti-clockwise direction, allowing the contacts 
to separate. The relay is then ready to receive 
another impulse from its associated meter. 


ROTARY SWITCH. 


A rotary switch is shown in fig. 18. It consists 
of a small synchronous motor driving through 
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Fig. 18.—-Elevation and plan views of a rotary switch. 


appropriate gearing on to an insulating barrel, from 
the surface of which a number of pegs project 
radially. Adjacent to the barrel, and arranged 
tangentially thereto, lie a number of pairs of silver 
tipped contact blades, the tips being separated 
normally. When the motor is running, the barrel 
is turned at the rate of six to twelve revolutions per 
minute. The pegs which are fixed to the barrel 
in the form of a spiral, are located in line with the 
contact blades and as the barrel is turned, each 
pair of contacts is closed and opened in succession. 
No two pairs of contacts can be closed at the same 
instant. These contacts are in the registering 
circuits of the summator and cause the impulses 
which may be received from the integrating meters 
at the same instant, to be registered in succession. 


REPEATING COUNTERS AND TOTALISER. 


The repeating counters register on the summator 
the number of impulses received on each individual 
circuit, or the equivalent value of these impulses in 
kWh. In the event of incorrect registration, a com- 
parison between the readings of the meters and their 
associated repeating counters enables the faulty 
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circuit to be readily localised, since these readings 
should be in agreement. 

The counter is of the pointer type, as shown 
in fig. 14, and the impulsing mechanism is shown 
in fig. 19. The impulsing mechanism consists of an 
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Fig. 19._-Impulsing mechanism of a repeating counter. 
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electromagnet having a pivoted armature adjacent 
to its polar extremities. The armature, which is 
normally held away from the poles by spring tension, 
has a driving pawl attached to its upper end. This 
pawl rests on a ratchet wheel, and when an impulse 
is received, the armature moves from left to right 
causing the driving pawl to pull the ratchet wheel 
forward one tooth. To prevent the ratchet wheel 
from being shot forward several teeth when an 
impulse is received, the driving pawl banks against 
an adjustable screw which causes the ratchet wheel 
to lock immediately it has moved forward one tooth. 
After the passage of an impulse, the armature returns 
to its normal position and to prevent the ratchet 
wheel from running backwards, a locking pawl is 
provided. The ratchet wheel is mounted on an 
arbor carrying a pinion which meshes with another 
pinion on the arbor carrying the first index in the 
counting train. The totalising counter is exactly 
the same in construction as the repeating counter. 


MAXIMUM DEMAND INDICATOR. 


The mechanism of the maximum demand indi- 
cator is shown in fig. 20. It is provided with an 
impulsing electromagnet, seen on the right, similar 
to that used in the repeating counters. The arbor 
carrying the ratchet wheel has a pinion on one 
end which engages with the first wheel in a swing 
train. The last wheel in the swing train engages with 
a large centre wheel which is mounted on the same 
axis as the demand pointer. The latter is mounted 
on the centre arbor together with a brake disc 
having a leather lined brake shoe bearing on its 
periphery. When impulses are received on the 
impulsing electromagnet, movement is communi- 
cated through the gears in the swing train to the 
large centre wheel. The latter is fitted with a driving 
pin which engages with a corresponding pin on the 
brake disc and when the centre wheel moves forward 
from its zero position, it drives the brake disc and 


therefore the demand pointer also, in a forward 
direction. At the end of each 30 minute period, a 
standard clock tilts a mercury switch and closes a 
circuit through the clock resetting coil seen on the 
left of fig. 20. Adjacent to this coil is an armature 
to which is attached a lever having an inclined face. 
This face engages with a roller attached to the 
swing train and when the armature is attracted to 
the clock resetting electromagnet, the roller moves 
up the inclined face, lifting the swing train out of 
engagement with the large centre wheel. A hair- 
spring attached to the centre wheel causes the latter 
to run back to a zero position, after which the swing 
train again engages with this wheel. The brake 
disc also has a hairspring tending to drive it back to 
zero, but this action is prevented by the brake 
shoe exerting pressure on its outer edge. 

In succeeding 30 minute periods, the centre 
wheel is driven forward from zero by the impulses 
received, but no movement of the brake disc and 
the pointer takes place unless the number of impulses 
received is greater than in the first period. In this 
case, the pointer will advance by a proportionate 
amount after the driving pins on the centre wheel 
and brake disc come into engagement. 
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Fig. 20..-Mechanism of maximum demand indicator. 


After the periodical meter readings have been 
taken, and it is desired to set the demand indicators 
to zero, a press switch is closed on the meter panels, 
energising the hand resetting coil seen on the left. 
The armature adjacent to this coil is attracted and 
releases the brake shoe from the brake disc. At the 
same time, it also engages with the armature of the 
clock resetting electro-magnet, causing the swing 
train to disengage from the centre wheel, allowing the 
latter and also the demand pointer to return to zero 
under the influence of their respective hairsprings. 

The impulsing electromagnet has a star wheel 
mounted on the same arbor as the ratchet wheel and 
each impulse received causes the star wheel to 
advance half a tooth. A two-way contact maker is 
actuated by the star wheel, and every impulse re- 
ceived by the demand indicator is re-transmitted to 
the printometer. 
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SUBTRACTION RELAY. 


The subtraction relay shown in fig. 21, consists 
of an electromagnet having a suspended core which 
is attached by means of a helical spring to a weighted 
lever. The latter is pivoted at one end and when 
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Fig. 21.—-Subtraction relay. 


the electromagnet is energised by an impulse the 
core is lifted and with it the weighted lever. After 
the impulse has passed, the weighted lever falls 
and in so doing turns a ratchet wheel (not shown) 
forward one tooth. On the same arbor as the 
ratchet wheel, a star wheel is fixed and each impulse 
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Fig. 22. Connection diagram of a printometer. 


advances the star whee! half a tooth. An insulating 
roller resting on the star wheel occupies a position 
alternately on top of a tooth or between two teeth. 
A switch consisting of two fixed blades and a mov- 
able blade is operated by this roller, which causes 
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the movable blade to make contact with each of the 
fixed blades in turn. An auxiliary contact is located 
adjacent to one of the fixed blades in such a manner 


that when the movable contact engages with this 
particular fixed contact, the circuit between the 
fixed contact and the auxiliary contact is broken. 


PRINTOMETERS. 


Printometers are mounted immediately below 
the summators. A diagram of the connections is 
given in fig. 22. A printometer operates in the 
following manner : 

Impulses received from the summator energise 
each of the impulse coils in turn and by means of a 
ratchet feed on device, advance a cyclometer counting 
mechanism by an amount proportional to the 
number of impulses received. At the end of every 
30 minute period, an impulse is received from the 
master clock which resets the demand indicators. 
This impulse energises a relay coil causing an arma- 
ture to lift and close a circuit through a pair of contacts 
in circuit with a motor. The motor drives a system 
of cams and rollers which cause the counting 
mechanism to print the kW demand on a paper chart 
through a carbon ribbon. After printing, the 
counting mechanism is set to zero by the motor, 
the chart is moved forward into position for the 
next printing and the motor is switched off. Im- 
pulses received during the printing of the demand 
are stored in a spring coupling device and are 
released to the counting mechanism after the motor 
has stopped. 





Fig. 23.Portable testing set, used to test integrating 
meters on site. 


PORTABLE METER TESTING SET. 

The testing of the integrating meters on site 
presents a number of difficulties if the test is to be 
effective. It is a common practice to insert a check 
meter in series with the meter to be tested, and to 
compare the dial readings after the lapse of a 
sufficient interval of time. Provision has been 
made for this method of testing and each metering 
panel has a test terminal block at which point a 
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check meter may be inserted while the circuit is 
alive without interfering with the normal operation 
of the meters. But in the case of generator meters, 
the generator may be shut down for months at a 
time or alternatively the generator may be running 
on a fairly constant load for a long period. Meters on 
the Board’s circuits may be operating on very small 
loads and the power factor may be lagging or leading. 
In most cases, the load is not under the control of the 
testing engineer. 

To overcome these difficulties, the portable 
testing set illustrated in fig. 23 has been developed. 
This set provides in a compact form, a complete 
polyphase testing equipment which can be connected 
up on site in a few minutes. The current for ener- 
gising the set is obtained from the 110 volt secondary 
of the potential transformer or transformers supply- 
ing the meters on the panel and connection to 
these is made at the test terminals on the panel. 
Multicore test leads are supplied with all terminals 
coloured and numbered for identification and the 
connections to the set are made with plug and 
socket connectors. The comparison is made either 


with a checkmeter or with portable standard indicat- 
ing Wattmeters. 

The test conditions are completely under control. 
The load may be varied between 100 per cent and 
5 per cent by means of the small rheostats seen at 
the top of the set. The current in each phase may 
be observed on the two ammeters, each of which has 
two ranges. Each element of the meters may be 
loaded independently. The power factors obtainable 
are unity, 0.866, 0.5 and zero, lagging or leading as 
desired, and the change from one to another is only 
a matter of seconds. Reactive meters may be 
checked as readily as kWh meters. The voltmeter 
in the centre of the panel can be connected to each 
phase in turn. Starting current is obtained by 
means of small plug-in resistances. 

The complete set weighs 32} lbs. and measures 
13}in. x 13}in. x84in. In addition, to its utility for 
checking meters on site, it may also be used in the 
test room for calibrating the checkmeters against 
standard instruments and for a variety of purposes 
where a three-phase load is necessary in testing 
instruments other than integrating meters. 





Turbine Driven Gas Blowers at Billingham. 





Four Fraser and Chalmers 1000 b.h.p. 3590 r.p.m. back-pressure turbo-blowers 
at the Fertiliser and Synthetic Products, Ltd., Works of Imperial Chemical 


industries, Ltd., at Billingham. 


A further turbo-blower of 1200 h.p. 


capacity is also being supplied. 
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Some Recent Developments 
in Lift Equipment. 


By J. H. MEACOCK, B.Sc., A.Mech.I.E.E., A.M.I.E.E., 
Engineering Dept., Express-S.M.S. Lift Co., Ltd. 


area, the monetary return to 
be obtained by its develop- 
ment depends upon the total 
rentable area in the building to 
be erected. The obvious way to 
increase this area is to increase the 


FE: any given building site 3 pee ebe cvbcccesésceconceyposonne 


The past six years have wit- 
nessed considerable progress in 
the design of lift equipment. 
Most of the improvements intro- 
emanated from 
America where sheer economic 
: necessity led to their develop- 
number of floors. As the number =: ment. The advantages of these 

: improvements, however, were such 
as to warrant their adoption in 
this country. The accompanying 
article describes some of the more 
important of the developments. 


duced have 


of floors increases, however, lift 
equipment has to be installed of 
adequate capacity to give service 
facilities for the upper storeys. 
This equipment subtracts rentable 
area from each successive storey, 
and it is therefore important that the lifts should 
occupy the smallest possible area, but at the same 
time give an entirely satisfactory service to the upper 
storeys, SO as not to impair their rentable value. 
Early lift equipments consisted of direct current 
motors running at speeds of 600 to 1,000 r.p.m., 
which transmitted motion to the lift car by means 
of a worm gear. The first attempt to make a smaller 
total car area deal with a larger volume of traffic 





Fig. 1. 
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A battery of 13 Express-S.M.S. lifts at British Industries House, London. 


consisted in raising the operating 
speed of the lift. It was, of course, 
necessary to provide more rapid 
and better controlled stops. The 
high-speed motor, with its heavy 
armature demanding very con- 
siderable energy changes both for 
acceleration and retardation, soon 
reached the limit of its application. 


GEARLESS LIFT MOTOR. 


Designers had to find some means 
which would give them much lower 
inertia for the rotating masses. 
Eventually it was found possible to produce a slow- 
speed D.C. motor (fig. 2) running at about 65 r.p.m., 
which enabled the ropes to be passed directly over a 
sheave on the motor shaft thereby eliminating trans- 
mission gear altogether. More rapid operation of 
the lift car was thus obtained and was the first step 
towards reducing the space hitherto occupied by lift 
equipment. 

The gearless motor can operate only on a direct 
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current supply. It is not capable of wide speed 
control by means of shunt regulation. This method 
of control, by reducing the magnetic flux in the 
machine at its maximum output, defeats the object 
aimed at by increasing the size and weight of the 
rotating masses for a given horse power. The 
gearless motor was therefore usually controlled in 
early installations by a combination of series and 
parallel resistances. This meant that the acceleration 
produced varied considerably with the load in the 
car, and that the landing speed also varied between 
wide limits. 

At this stage the gearless machine had to be 
improved to meet two factors (1) uniform acceleration, 
having a value which did not disturb the human 
system, and produce physical discomfort and (2) the 
growth of A.C. distribution. 

Any attempt to increase the operating capacity 
of a lift by increasing its speed must not produce 
those unpleasant sensations, which in the lay mind, 
are unfortunately still associated with lifts. In 
order, therefore, to improve operating schedules, it 
was necessary to ascertain the exact nature of the 
disturbances to the human system which results in 
the production of these sensations. 

In the first place, providing that the sense of 
vision is not allowed to function, displacement does 
not affect the human system. There is one exception 
to this fact, inasmuch as an extremely rapid change 





Fig. 2._-Typical slow-speed gearless D.C. motor 
; for driving lifts. 


of air pressure, such as is produced by rapid transit 
from the bottom to the top of an eight hundred 
foot building, does affect the equilibrium and 
produce a slight sensation of nausea. This, however, 
does not apply in this country. 


Again, subject to the absence of vision, velocity 
does not affect the human system within any 
limits to be encountered in lift design. It is, 
therefore, acceleration only which‘ must be taken 
into account. 
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Fig. 3.—Curves showing relationship between time and 
speed and distance and speed for modern lifts. 





ACCELERATION. 


The actual value of acceleration itself may 
produce an unpleasant sensation, but this value is 
very considerably above any values employed in 
lift work, and some other function of velocity must 
be sought as the cause of the unpleasant sensations 
associated with incorrectly controlled lifts. If the 
human body is regarded as a system of masses 
connected by elastic tissues, then the application 
of an acceleration causes the extension of these 
tissues and the relative displacement of various 
parts. This displacement in itself is not a critical 
factor, but the velocity of displacement can reach 
unpleasant values. Since the displacement is pro- 
portional to the acceleration employed, the instant- 
aneous velocity is proportional to the rate of change 
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of acceleration, and it is therefore necessary to 
limit the instantaneous rate of change of acceleration 
to a value consistent with comfort. 

Careful experiments made in America indicate 
that a rate of change of acceleration of 7.5 expressed 
in foot-second units is about the limit, but in this 









































Derry & Toms, London. 


country a somewhat lower value is employed. The 
full indication of this is shown by charts at figs. 3, 
drawn for an approximate value cf: 


d’S 
— =6 
dt” 

By making suitable calculations, the value’ of 
acceleration, velocity and displacement at any time 
after leaving a floor can be established. It will 
be noticed that the maximum acceleration permissible 
increases as the maximum velocity of the car 
increases; also that theoretically quite high speeds 
can be attained in a comparatively short distance of 
travel. If, therefore, the velocity characteristic of 
the lift is made to approach these ideal considerations 
the quickest service consistent with comfort can be 
attained. 

In order to attain this performance the change 
in speed must be perfectly smooth ; anything in the 
nature of an erratic change in speed means that 
either the permissible constant has been exceeded 
momentarily, producing an unpleasant motion, or 
that some other part of the cycle is being carried 
out at a very much lower figure, involving loss of 
service efficiency. 
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Fig. 4.—-Lift operating motors and control gear at 
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The velocity characteristic must be independent 
of load, and must be based entirely on a time 
characteristic. It will thus be seen that the rheostat- 
ically controlled gearless motor connected to D.C. 
mains does not conform at all closely to the ideal 
scheme of control. 

Leaving this point for a moment, 
the effect of the increase of alternating 
current supply systems has to be con- 
sidered. The possibility of making 
an entirely satisfactory A.C. lift equip- 
ment of even moderate speed using 
alternating current motors is very 
much less than with direct current 
motors. The gearless machine has 
therefore to be adapted to alternating 
current mains, and the solution to 
this problem (as well as the preceding 
one) has been attained by the use of a 
motor-generator set for each gearless 
motor, thus providing variable voltage 
control. 

The motor-generator set is running 
continuously and the changes in speed 
are produced by varying the strength 
of the generator shunt field excitation. 
Since any changes in speed must be 
the result of an increase in flux, and 
the machine has a definite time 
constant in which this flux builds up, 
these changes are inherently very 
much smoother than any rheostatic 








Fig. 5.—One of the passenger lifts on the 
turbo-electric liner ‘*‘ Queen of Bermuda.’’ 


changes can possibly be. At the same time, these 


changes are dependent on time and not on the load 
which the machine is called upon to handle. 
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Considering the ideal curves, and comparing 
them with the probable results of contactor operations, 
it will be noticed that the initial building up does 
not conform at all closely to the desired curves. 
The final stages of acceleration as the field builds 
up are in closer accordance with the ideal curve. 


RETARDATION. 


Retardation is a much more difficult problem to 
deal with, and involves a large number 
of controlled contacts, but with these 
contacts adequately controlled, a reason- 
ably close approximation can be made. 
Many ways have been proposed for 
the control of the retarding resistances. 
One of the best consists in operating 
them by means of switches (fig. 6) 
controlled by the change in electro- 
magnetic induction produced in a unit 
on the car when it passes an iron plate fixed in 
the well hole. This enables changes to be made 
positively at the desired distance from the floor which 
is being approached, resulting in a deceleration 
to floor level in the shortest possible distance. 

The latest method of dealing with this problem 
of retardation consists in employing a small rheostat 
driven by a D.C. motor at a speed independent of 
any load conditions, in conjunction with the form of 
plate control described in the last paragraph. 

This rheostat carries out the initial acceleration 
to half speed (over a period where difficulty of 
acceleration is experienced) in five or six stages, and 
also takes charge of the final decelerating period, 
which is the most difficult one to control, by dealing 
with it in some 24 successive stages. With this 
control, shorter decelerating distances can definitely 
be obtained without any unpleasant sensation. 


ACCURATE DECKING. 


The next point aimed at is to avoid lost time due 
either to inaccurate stopping—which had to be 
corrected by the attendant or other means—or 
premature slow down, which resulted in time being 
lost in creeping to floor level. 

The method of dealing with the initiating of a 
slow down at the required distance from the floor 
by means of inductively controlled switches associated 
with iron plates in the hatchway had already been 
indicated. The problem of making an accurate 
landing without any need for readjustment must be 
associated with this control to produce the best 
results. 

Accurate landing can be produced if the final 
slow speed of the machine is higher when 
lifting full load ; that is to say, it is a reverse of what 
happens with the usual type of motor directly 
connected to the mains. This rising characteristic 
can be obtained by the use of a series winding on the 
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generator, which over-compounds the generator 
voltage when the lift is operating at slow speed 
against full load. In many applications this method 
is entirely satisfactory. 

Where large masses are being rapidly decelerated 
it has been found that the presence of this heavy 
current inductive winding in the generator, which 
is taking a current dependent on the load, seriously 
affects the performance of the machine. Flux 


Fig. 6.—Induction switches used for accurate decking. 


changes are produced which vary with the load, 
whereas the ideal scheme of control implies independ- 
ence of load conditions. 

In such cases, satisfactory results have been 
obtained by some form of small generator which takes 
the series current and produces a voltage dependent on 
it, which is used to regulate the main field current but 
is not affected by inductive actions with the main 
generator flux. The use of some means of com- 
pensating the speed for load associated with the 
decisive control previously described will produce a 
lift which will run rapidly and accurately to floor level. 


OPERATION OF GATES. 


The maximum efficiency has now been obtained 
in the lift well. The next point of attack is the 
rapid operation of the car and landing doors or 
gates. 

Hand operation by the driver is, of course, the 
slowest means, and for the highest efficiency the 
doors are operated either by pneumatic power or by 
some electrical device. These cause the doors to 
open fractionally before the lift comes to rest, and 
enable the time spent at landings to be reduced to 
the minimum. 


REDUCTION OF WAITING TIME. 


The last development to be described is also 
concerned with the saving of time and is based on a 
study of the psychology of the passengers. 

The present-day conception of lift control 1s 
based on the assumption that the greatest cause of 
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satisfaction to the people using the lift equipment 
of a building is the absence of waiting for a lift, 
and a swift, clean journey to floor level when 
travelling. The means of ensuring the latter have 
been described, and it is now proposed to give a 
brief account of the development of control schemes 
having as their aim the reduction of waiting time 
to its lowest value. 

There are three basic forms of passenger lift 
service (1) department store lifts, generally serving 
all floors (2) attendant-operated lifts, answering 
localised landing calls, and (3) passenger-operated 
lifts, working in response to push buttons on the 
landings and in the car worked by the passengers 
themselves. 


Fig. 7. 





1. Departmental Store Lifts. 


Department store lifts are usually controlled by 
some simple form of car switch, and in general 
comprise large cars holding upwards of fifteen 
persons. Except for definite express runs from the 
entrance floor to the restaurant, or for some feature 
display, they generally stop at each floor, since it is 
impracticable for the attendant to ask each individual 
passenger which floor he or she desires. At busy 
times any attempt to regulate the interval of 
service would result in an unwanted decrease in the 
passenger-carrying capacity of the installation, but 
at other times some arrangement by which a car 
arrives at any given floor at fairly regular intervals 
is advisable. 

One such scheme is to instruct the driver of 
each car to wait at the top floor until another car 
arrives, a method which ensures a certain measure 
of distribution of service in the building. In such 
cases as this, no call system from the landings 1s 
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Five passenger lifts installed at Lewis’s of Leeds. 
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installed, and some simple form of direction indicator 
on the landings to indicate the next lift to leave the 
floor and its direction of travel, will help to con- 
centrate the waiting passengers at the desired open- 
ings before the cars arrive. 


2. Lifts for Large Hotel or Offices. 


When a building consists of office or large hotel 
premises a different set of conditions prevail, as here 
the cars deal with individual calls from the landings, 
and with passengers with known individual destin- 
ations. This type of building was served until 
recently by attendant-driven lifts, where the driver 
selected the floor at which the car was to stop, and 
at least initiated the slowing down of the car. Each 








car was individually called to a landing by the 
waiting passenger by means of a landing push- 
button and signal in the car, the calling system 


applying to that car only. The number of cars 
installed and their size and grouping did not alter 
the fact that an individual call could only apply 
to one car in the building. 

The problem should be considered in the light of 
the principles set out previously in this article. The 
object is to move the greatest number of persons 
who wish to use the lift service at any given time, 
with a satisfactorily short wait for any person at any 
floor. The average user does not object to walking 
to and from the lift nearly so much as having to 
wait for it, so the present practice favours the 
grouping of lifts in batteries. The more cars grouped 
and interconnected in one position, the shorter will 
be the time interval in service which can be obtained. 
The average round trip time of a lift under busy 
conditions can be calculated approximately, depend- 
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ent as it is on various factors, such as speed, acceler- 
ation and retardation control, type of door equipment, 
number of floors served, and total passenger capacity. 
If this time works out at four minutes, and it is 
desired to have a one minute interval, four cars 
must be installed to deal with the service. The size 
of cars may then be readjusted to suit the 
capacity demand of the building and a check 
calculation made. In general, an adequate 
number of cars, without aiming at excessive 
capacity in any car, gives the best service to 
the building. 

Cars cannot afford to reverse direction 
and return to a floor because of any misunder- 
standing between passenger and driver, so 
the passenger’s destination is asked for as 
he enters the car, and registered by the 
attendant by means of a series of floor 
buttons in the car. The car will then 
automatically stop as it reaches that floor. 
The attendant controls the starting of the 
car in all cases. 

When a waiting passenger wishes to call a 
lift, it is important that he should indicate the 
direction in which he wishes to travel. Therefore, 
each landing has two buttons, one for ““Up’”’ and one 
for ““‘Down.”’ This obviates the slowing of a car 
running to a floor and causing it to lose about eight 
seconds, because the intending passenger wishes to 
go the other way. 

This landing call must register in all cars 
simultaneously and the first one to approach 
the floor automatically slows down to take 
the call, and cancels it in all other cars. 
Thus the calling of a car by a waiting 
passenger does not involve any action on 
the part of the attendant, although an 
illuminated annunciator in the car may be 
added to inform him as to what landing 
calls exist to be answered. 

Moreover, some advance notice must be 
given to the waiting passenger as to which 
car is about to answer his call, and this is 
accomplished by means of directional “Up” 
and “‘Down” lanterns on the landings, 
which are illuminated as the car slows 
down, and do not light up if a car is not 
slowing down for the floor. A gong may be 
associated with these signals to draw the 
attention of the waiting passenger. 

It will be appreciated that there are 
a very large number of functions associated 
with control gear for the individual floors, 
and that some form of selector switching device, 
capable of handling a considerable number of 
circuits is necessary. One type consists of two 
bases of insulated material carrying the contact 
fingers which are driven vertically by means 





of a half-loop chain with one of these bases at either 
end which passes over a sprocket driven through a 
worm gear. The car drives one of a pair of 


Twintork motors, either from the diverting sheave, 
or an idler rope pulley or directly, and the other 
Twintork motor drives the selector carriage. This 








Fig. 8.—Control gear for two interconnected gearless lifts. 


arrangement simplifies the layout of an installation 
and considerably reduces the amount of wiring 
required. 

In order to maintain approximately regular 
intervals between the arrival times of the cars at any 
particular floor, they may be despatched from the 
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Fig. 9.—-Operating motors and control gear for lifts 


at Olympia Exhibition Hall, London. 


entrance floor at regular intervals, the period being 
determined from a knowledge of the traffic in the 
building. Once this period has been determined, 
a continuously running flasher gear driven by a 
variable speed motor can be used to indicate by 
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means of lights in the car when a driver is to start. 
Normally, there should be a short wait at the ground 
floor, but a red light can be caused to light in the 
car should the driver be behind his time. He then 
passes all landing calls, without cancelling them, and 
takes up his place in the rota at the ground floor. 
Definite different settings of speed may be made to 
deal with such problems as a reduction of cars in 
service at slack periods, when fewer cars and a 
longer time interval may be permissible. 

This despatcher system is an adjunct which is 
frequently dispensed with in lift installations, but 
its inclusion prevents the undesirable bunching of 
cars at any part of the well. 


3. Passenger-operated Lift. 


The third type of lift is the passenger-operated 
push button lift. It is illogical that one man desiring 
to travel from the ground floor to the top of the 
building should be able to pass several other people 
wishing to go in the same direction, and to deal 
with this problem, collector control has been evolved 
in which it is usual to make all landing calls 
directional. The motion of a lift car, while physic- 
ally up and down in a vertical straight line, 1s 
psychologically a circle. That is to say, a lift going 
up past the fourth floor is an entirely different 
entity, from a passenger’s point of view, from the 
same lift going down past the same floor, and a stop 
in the up direction to pick up a passenger who 
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wishes to go down is a waste of time and inter- 
ruption of service. 

In collector control, as in the signal type control 
previously described, this fact is recognised. Passen- 
gers enter the car, and register their calls as they 
enter, and the car stops for these calls in sequence 
of travel, as well as stopping for the landing calls 
in the direction the lift is travelling. 

The car deals with all calls in one direction 
before reversing, but can reverse in answer to a down 
call at any floor if no more up calls exist, or vice 
versa. The car can also be made to return to any 
selected floor if no other calls exist, although a call 
will immediately command the car while in transit 
to its parking station. An alternative parking floor 
in each direction may be arranged, controlled by a 
switch, so that when traffic is usually “‘up’’ the car 
returns to the ground floor, while if later the traffic 
is usually “‘down,” the car will park at a floor, say 


the sixth, to give prompt service from the upper 


floors. 
* * * * * 


In choosing the lift equipment of a building, it 
must be remembered that the service to be given 
is the basis of choice. The older and more familiar 
schemes of control are still capable of giving good 
service within their capacity, but at the same time, 
careful consideration of all the factors may lead to 
the conclusion that an installation on the lines 
indicated in this article may be economically justified. 





“QOsira” Street Lighting at Rochdale. 
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The Broadway and Esplanade at Rochdale illuminated by ‘*Osira’’ 
electric discharge lamps. 
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The Starting of Split Phase Motors. 


By N. F. T. SAUNDERS, B.Sc., A.M.I1.E.E., 


Formerly of Design Dept., Witton Engineering Works of The General Electric Co., Ltd. 


T has been shown* that the 
starting torque of a split phase 
motor is proportional to: 

Se: Be se GEO rk vek asks . (1)! 


These variables are not inde- 
pendent of each other, in that 
steps taken to vary one will also 
vary the others. For instance, the 
insertion of resistance in series 
with the starting winding in order 


CCCP HH CRS CCS CC PCO CCR CeCe eee eee eee eee eee © 


In the accompanying article, 
the author shows that the vari- 
ables which affect the starting 
torque of a split phase motor have 
optimum values which should be 
satisfied in order to obtain the 
best design. 

The complete starting torque 
formula is given in various forms, 
together with the derivation of 
the constants required to establish 


performance should be obtained 
without decreasing the turns in 
the running winding below the 
value at which heating when run- 
ning is excessive. In the case of 
a short rated motor, an external 
resistance should be used to relieve 


the loading on the stator conduc- 
tors. 


The value of rotor resistance 


to obtain 4, immediately reduces 1 
the current in that winding. It is 
useful therefore to examine the 
expression (1) piecemeal in order 
to establish optimum values, and 
also to determine the influence of these variables on 


the running performance of the motor. 


tical and 


INFLUENCE ON RUNNING PERFORMANCE. 


As in the case of a polyphase motor, the running 
performance of a split phase motor improves with 
low rotor resistance. It: follows therefore that the 
rotor resistance should be as low as the starting 
conditions will allow. 

It will be shown that there is a value of rotor 
resistance which, associated with a definite stator 
winding, gives the maximum possible starting 
torque. It is important that this value is not 
exceeded. Otherwise the full load performance is 
prejudiced to no advantage. 

If the maximum torque available with this rotor 
resistance is not sufficient, then it is necessary to 
increase the flux, by decreasing the turns on the 
stator winding. 

By simultaneously increasing the rotor resistance 
and decreasing the stator turns, the starting torque 
may be increased up toalimit. The effect of reducing 
the stator turns is to increase the magnetising current 
and the iron loss, and it is found particularly in 
fractional H.P. machines that the heating due to 
magnetising current, J/*R loss and iron loss places 
a limit on the stator turns. Again, especially if no 
external starting resistance is used, the current 
carrying capacity of the conductors in the windings 
limits the maximum possible starting torque. 

In general then, it 1s desirable that the starting 


* eg. Steinmetz ‘‘Theory and Calculation of Electrical Apparatus” p.98. 
+ For meaning of symbols see Appendix I, page 83. 


The treatment is strictly prac- 
suitable for direct 
application to design problems. 
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which is chosen is not necessarily 
that which gives the maximum 
possible torque. The values of 
rotor resistance and stator winding 
which are chosen should be those 
which give, in combination, not only the required 
starting torque, but also the best possible running 
conditions. 
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OPTIMUM VALUES. 


The starting winding is cut out when the machine 
is running (except in special cases) and therefore 
has no influence on the running performance. 

Similarly the device used for obtaining the 
phase angle 4 only operates during the starting 
period. It is possible, therefore, to arrange J, sin 4 
to have any desired value, without reference to the 
running performance. 

On the other hand it is generally found that a 
good starting performance can only be obtained by 
using values of rotor resistance and running winding 
which prejudice, to a certain extent, the running 
performance. 

In order that the proportions of the running 
winding and the rotor resistance should give the 
best running performance, it is essential that. the 
variables influencing the starting torque but having 
no effect on the running performance (i.e., J, sin 4) 
should have optimum values. 

It will be shown therefore that for given values 
of running winding and rotor resistance— 


1. There is an optimum value for 4 


2. For acertain value of J; there is one particular 


starting winding which will give maximum starting 
torque. 
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The Phase Angle ¢. 


The optimum value of / depends on the method 
adopted to obtain it. The use of a condenser 
(capacitor motor) will not be considered here, as it 
requires rather different treatment. There are 
then two methods to be examined. 


(a) Resistance in series with one winding. 


(b) Resistance in series with one winding and 
reactance in series with the other. 


















(a) Resistance Starting. Fig. 1 shows the 
vector diagram corresponding to the case where 4 
is obtained by putting a resistance in series with the 
starting winding, while the running winding is 


hy 











Fig. 2. 


subjected to full voltage. This is the usual arrange- 
ment with fractional H.P. machines, and often 
no external resistance is used, the effect being 
obtained by using thin gauge wire for the starting 
winding. 
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In this case, then, the vector OJ, is fixed in 
dimension and position, but OJ,’ will terminate on a 


semicircle having a horizontal base given by “ 


i.e., the “‘ideal’’ short circuit current in the starting 
winding (referred to the running winding). 


Since rs; is fixed, it follows that 

F MEE MS oss Shien Sie iach args 
but 

Dae Oe Te basawrs css debe see (3) 


which is a maximum when /,’ lies on the point of 
contact of the tangent to the J,’ circle which is 
parallel to the OJ, vector. 


It can be shown* that when this condition 
obtains, the OJ.’ vector bisects the angle ¢;. So 
that for maximum torque the resistance of the 
starting phase must be such that the short circuit 
phase angle of this winding is half that of the 
running winding. 


That is 6 = oe = eee ree | 
*, Ro = X, cot So sisceowens cw ties (5) 


(b) Resistance and Reactance Starting. The usual 
arrangement (fig. 2) is that in which a resistance is 
placed in series with the running winding and a 
reactance in series with the starting winding. 

In this case then, R, and X, are variable while 
X, is fixed. For any particular starting winding, 
R, is also fixed. 


It follows from this that the OJ, vector follows a 


semicircle on the horizontal base - ra while the 
1 
OI,’ vector follows a semicircle on the vertical axis 
V 
given by k, 
y 1 R, 


For a given value of J, it follows that there is a 
maximum value of J,’ sin ¢ From equation (4) 
this is the case when 


Oe OD Bin ck vs Pec ce ceeeesees (6) 
conversely, when J,’ is fixed 

ak ee re 
From this it follows that 
4 (QO— di) = 30°........ (8) 


That is the OJ, and OJ,’ vectors trisect the 
right angle. The required values of R,; and X, 


0 = $de2 


may then be found from 


Ry = Ay COC FO oc cccvcccccsvcccoces (9) 


Equation (9) contains no term relating to the 
starting winding. The value R,/X, 1s constant, 


* Appendix 4. 
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2 (a). Resistance Starting. 


The value of J; which, added vectorially to 
I, will give a total allowed short circuit current 
I, will depend on the phase angle @. 

But @ may be obtained from equation (4) and 
then J; is calculated from* 


[,2 = [2 ~ ],® — 2], Ig COS O «ececess (11) 


The winding which will draw this current from 
the line may conveniently be found graphically 
(fig. 4) as follows. 


Draw the vector OJ, to represent the running 
winding short circuit current at its phase angle ¢, 
and draw the semicircle on the diameter V/X, 


(fig. 4). 
Bisect 4) to get 6. 


With centre O and radius OJ; strike an arc. 


From J, draw a parallel to the line bisecting 4, 
to intersect the arc at J;. 

From J, project backwards parallel 
intersecting the line bisecting ¢, at Is. 

From J, draw a perpendicular to intersect the 
base line at B. 


to Ol, 


Then OA represents the running winding ideal 
short circuit current, OB represents the starting 
winding ideal short circuit current. 

The two vectors OA and OB are inversely 
proportional to the respective reactances. 


X, _ OA 
X, OB 

The reactances are proportional to the number of 

turns in each winding and their leakage flux. If 


the windings are similar then 


X, TT? 
mm Se 
but this is not generally the case, so that in general 
Xe En T;” y, L» 
mae: ee 


Where L, and L, are the respective leakage 
fluxes and 7, and T, are the respective turns on the 
two windings. 


Therefore for similar windings 


RS pees 
T ~ OB 


and for windings in which the leakages differ 


Ti? _ OA , Li 
i oe. 


Alternatively the winding may be calculated 
mathematically as shown in appendix 8. 


* Appendix 5. 


2(b). Resistance and Reactance Starting. 


Referring to fig. 3, 41 = 30° and R; is fixed, so 
that OJ, is fixed. If iJ, is drawn at 30° to 
Ol, such that OJ; is the total allowable starting 
current, then I,J; = OJ. gives the starting winding 
current. The constants Re and X:2 and the starting 
winding are then calculated as in the case of 
resistance starting. 


‘\ 
‘\ 
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Fig.” 3. 


THE STARTING TORQUE. 


Having examined the expression (1) it is now 


proposed to expand it to an actual equation to the 
Starting torque. 


This is: 
Fem: Ee El WB occa hiccvicoees (12) 
GFT = Giles Fala GG «cs cccvecosus: (13) 








Fig. 4. 


The figure thus obtained is in electrical units. 
In mechanical units it 1s : 


i = .3%7 7 k, I, I. rs’ sin 6 lbs. ft..... (14)' 


Yt Appendix 6. 
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If more convenient sin 6 may be eliminatedt 
and then : 


T 1117 ky Ter Ae (5) 
l 2 
and eliminating J, and J. 
a a 
T 11177 ire V? a yi} - (16) 


THE EFFECTIVE ROTOR RESISTANCE. 


It is important to note that the effective rotor 
resistance referred to the running winding (r3’) 
is not the same at standstill as when the rotor 
is revolving. When the rotor is stationary in the 
single phase pulsating field produced by the running 
winding, only the conductors forming the loop 
embracing the whole flux, can exert a maximum 
effect, while those lying in the axis of the flux have 
no effect. 

Assuming a sinusoidal flux distribution in space, 
the effective turns on the rotor are then 0.707 of the 
actual turns. 

The effective rotor resistance is given by: 


V6 MPM inven eecaewseneseis . (17) 
2 > 22 ke c 

where k, Fee Pee tee er (18) 
1.414 C; 
This compares with : 

k;C 
k. R ie ek te ee rd I 
CG tr9) 


when the rotor is running at speed. 


GENERAL CONSIDERATIONS. 


It is found in practice particularly when dealing 
with very small machines, and with machines having 
high resistance rotors, that the inherent short circuit 
phase angle of the running winding is small. Con- 
sequently, if resistance starting is used, ¢ is a small 
angle and therefore considerable error in sin 4 is 
possible. 

To reduce this error to a minimum it is advisable, 
in original design to use the expression : 

R, X, — R; Xe 

Zi° 2° 


In calculations based on test readings it is not 
advisable to obtain # by subtraction of the measured 
phase angles, nor is it advisable to use in equation (20) 
the value of X2 given by the test readings. 

To obtain the maximum accuracy X, should be 
obtained from test readings from which the leakage 
may be calculated. From this X. may be obtained, 
while the test values of R,; and R. may be taken as 
sufficiently accurate. This of course assumes that 
the design data is available. 

In machines having a high flux density, the iron 
loss may be appreciable in comparison with the 


Sin 6 


Y Appendix 7. 
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short circuit input. In this case it is necessary to 
allow for the iron loss in calculating the rotor 
resistance from test figures.} 

It is sufficiently accurate for practical purposes 
to assume that the whole of the iron loss, as measured 
by the light running test, occurs in the stator. At 
standstill there is an iron loss in the rotor, since 
it is then subjected to a flux at line frequency. This 
“‘loss’’ produces a torque. The practical effect is to 
increase the torque and total input, and to decrease 
the total resistance on short circuit. 

In general this iron loss may be neglected since 
it does not assume greater dimensions than the 
possible error in the calculations. If however, it is 
desired to take it into account, it is convenient to 
regard it as existing in a second rotor winding in 
parallel with the actual winding.§ 


PRACTICAL APPLICATIONS. 


The application of the theorems dealt with will 
now be illustrated by considering cases which arise 
in practice. 

1. A machine is completely wound and it is 
required to find 


(a) The value of resistance to be put in series 
with the starting winding to give maximum 
torque. 


(6) The total starting current which will result. 
Short circuit tests should be taken on the running 
and starting windings separately from which 
R,, Re and X, may be calculated. Xz is obtained as 
recommended above. 


(a) is found by the application of (5) 
(6b) is obtained from |! 


» » 


T? = 1? + 1° + 21, Is cos 6 iene ee 


2. A machine is completely wound and it is 
required to find the values of external resistance 
and reactance required to give maximum starting 
torque. 

These values follow from the application of 
equation (g) and (10). 

3. It is found that the maximum torque obtain- 
able in either of the above cases is not sufficient. It 
is therefore proposed : 


(a) To rewind the starting winding, or 
(b) To increase the rotor resistance. 


(a) The starting winding which will result in 
the machine taking the total allowable short circuit 
current is obtained from the graphical treatment 
given or the mathematical method shown in 
appendix. 

Having calculated this winding, equation (16) 
gives the torque which will be developed. 

(b) The effect of increasing the rotor resistance 
may be determined from equation (16). 


~ Appendix 2 § Appendix 3 Appendix 5. 
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4. A-stock stator is to be wound to give a certain 

starting performance assuming : 

(a) The rotor is already wound. 

(6) The rotor is unwound. 

(a) In this case the recommended procedure 
is as follows : 

Establish a running winding from full load 
considerations bearing in mind what will be required 
for starting torque. 

Calculate the starting winding which together 
with the above running winding will give the allow- 
able total short circuit current. 

Having settled on the two stator windings, calculate 
the external resistance (and reactance if to be used) 
required to give maximum starting torque by 


Next calculate the torque. If this is not sufficient, 
it may be taken that with the fixed rotor resistance 
and the total starting current allowable the required 
torque is unobtainable. 


(6b) The procedure is the same as (a) except that 
a rotor winding must be assumed to enable it to be 
followed. If it is found that the assumed rotor 
resistance does not give the required torque, then 


the procedure may be repeated with another value, 
care being taken to see that: 


(1) The rotor resistance does not exceed the value 
giving maximum torque 

(2) The relative values of running winding and 
rotor resistance give the best running per- 


equations (4) and (5), or (8), (9), (10). formance. 
APPENDIX. 
I éd; = Short circuit phase angle of running 
List of Symbols used. winding. 
V The applied single phase voltage. ¢2 = Short circuit phase angle of starting 
I, The actual running winding short circuit winding. 
current. 4 Phase angle between J, and I, 
I, = The actual starting winding short circuit (=bh-& 
I,’ The perl winding short circuit current : eeuaeianp yt! e 
referred : the sauuien winding. j Frequency of appied vortage. 
I =k x Ie 2. 
if The vectorial sum of J; and Is. Derivation of Constants from Test Figures. 
r - The starting torque (static value). The test voltage is applied separately to the 
C: = Total conductors ach CURIE winding. running winding and the starting winding in turn, 
C, = _ Total conductors in starting winding. the rotor being stationary. 
C; = Total conductors in rotor winding. To ensure minimum error due to saturation of 
ky Ci/Ce , Stee leakage paths the applied voltage should be as near 
ke Transformation ratio, rotor winding to the normal as possible. 
running winding at standstill. 
ker = Transformation ratio, rotor winding to Then cos 4; Watts 
running winding rotor revolving. V I 
ks Running winding distribution factor. R, Watts 
r Running winding ohmic resistance. I’; 
ro Starting winding ohmic resistance. z. V 
rs Rotor winding ohmic resistance. I; 
rs Rotor resistance referred to the running Ar = £2 - Rf 
R ae hes ke sph As before stated, provided the design data is avail- 
: = otal short circuit resistance of running 
winding R, =r, + rs’ +r (external). able, X2 should be calculated from Xx ' rather than 
R; Total short circuit resistance of starting from test readings on the starting winding. 
winding. The stator iron loss W, is obtained from the 
Xi Total short circuit reactance of running no load figure. 
winding. The effective rotor resistance is given by : 
Xe Total short circuit reactance of starting W.-W 
winding. rs" 73 - = (r, + 4) 
Zi Total short circuit impedance of running ; 
winding. where W, short circuit input to running 
Z) Short circuit impedance of running winding winding. 
excluding rotor resistance. re = external resistance (if any). 
Ze Total short circuit impedance of starting The value of r;’ thus calculated allows for rotor 
winding. iron loss. 
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2. It will be seen that in the case of a 2-phase motor, 
Allowance for rotor iron loss when calculating torque. ki =1, sin@=1 and I becomes 2 /;°rs,, the usual 


re resistance of rotor winding. expression for the torque of a 2-phase motor. 
X3 reactance of rotor winding. To convert to torque in lbs. feet this expression 
ro constants of rotor winding equivalent to must be multiplied by : 
Xo iron loss. 
| i | 
re x: x Kx 
Then 23 ; ; and b, } > 746 x2xaWNW 
jE Sie, 5 MET Een where N = synchronous speed 
ry ]Xo ‘ 60 
, - and bb = —" "5 _ £*x 
To” + XQ : To” + Xo" and NW = — P/2 
j 
£0 3 Lo — £3 and by 3 = by — b. 


Syn. watts x 33000. P 


Se 746. 2. x 120 f. 


-117 7 k, I, Ie rs’ sin 6 


































Kxo+3 7° 


sin #@ = sin (d1 — ¢2) 
4- in ¢ em in be 
Referring to fig. 1. ne og ‘- oa 1: OR ee 
Since BJ, = BO + 7. Pe 7 5 
l 2 l y 
then ‘Ol; . 
en ‘OLB | BO!: Rw wT, 
and since 'A 1s a right angle te ere 
then #4 90 - 'O1.B 
but LCOI. go - “BOT, 8. 
go — ‘OLB Is? : I,° . I,* * & 2! I, COS 6 
.°. COhk = 6 and since ¢2 = $4 = # 
that is to say the vector OJ, bisects the '<, then J,2 = 1,2 + Ik? + 21, Ie cos 4 
5, For given values of J; and J, 
Referring to figure 4. I, follows from the above. 
I,” I,* +- Is + 2k; Ie cos 6. a 7 
6. and X» = Ze sin }¢ 
T = ak, I, 1, rs sin 6 synchronous watts, Having obtained X., the number of turns follows 
where a is a coefficient, approximately equal to 2. as in the graphical treatment. 
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Osira Lamps and G.E.C. 
‘*‘Lewisham’’ Lanterns for 
Street Lighting are now 
in operation over seven 
miles of the principal 
streets of the Borough of 
Lewisham. The final sec- 
tion was switched on on 
April 9th, 1934. View 
shows section of London 
Road, Lewisham. 
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New Electric Rolling Stock 
for the Metropolitan Railway. 


By E. H. CROFT, A.M.Inst.C.E., A.M.I.E.E., 
Traction Dept., Witton Engineering Works of The General Electric Co., Ltd. 








VER since 1863 when London witnessed the 
opening of its first underground railway 
and the first steam train was run from 

Farringdon Street to Bishops Road, the Metro- 
politan Railway Company has been extending its 
area and adding to its rolling stock until to-day it 
represents one of the most important units controlled 
by The London Passenger Transport Board. 













from this line run to Stanmore, Uxbridge, Watford 
and Chesham. 

The company’s activities, however, are not 
confined solely to the provision of transport 
facilities. In addition, housing estates have been 
planned in suitable localities such as Wembley 
Park, Harrow, Northwick Park, Eastcote, Ruislip and 
Hillingdon. 
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Fig. 1.—Map showing districts served by electrified lines of Metropolitan Railway. 


In fig. 1 are shown the electrified lines of the 
Company which embrace the whole of London. 
In addition to these urban and suburban services 
the company has a large through goods traffic and 
forms a link between the railways operating to the 
north of the Thames and those on the south. 

In conjunction with the Metropolitan District 
Railway the Metropolitan Railway operates the 
“Inner Circle,” over which a dense passenger traffic is 
carried. From Liverpool Street to New Cross the 
railway serves “Dockland.’”” From Baker Street, 
lines carrying suburban trafic run to Addison 
Road and Hammersmith, while the main line runs 
out through miles of residential country over 
the Chiltern Hills to the lower land beyond. Branches 





As a result of the increased traffic demands thus 
created, it has been found necessary to replace some 
of the older rolling stock with modern electrified 
stock. In 1931, therefore, the company placed a 
contract with the Birmingham Railway Carriage and 
Wagon Co., Ltd. for the following new electric 
rolling stock :— 


18 motor coaches. 

14 driving trailer coaches. 

14 first class trailer coaches. 

19 third class trailer coaches. 

The General Electric Co. Ltd. were sub- 


contractors for the whole of the electrical traction 
equipment for these coaches. 
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GENERAL CONSTRUCTION. 


The coaches, figs. 2 and 3, are ali of the com- 
partment type and closely conform in construction 
with those for main line work. The adjoining table 
gives the principal dimensions, weights and seating 
capacity. 

Each motor coach is equipped with four 210 h.p. 





Fig. 2. 


motors (two per bogie) which are axle hung and 
drive the wheels through gearing. Control is 
effected by electro-pneumatically operated con- 
tactors housed in compartment immediately behind 
the driver’s cab (fig. 3). The driving trailer coaches 


are provided with a driver’s cab at one end of the 
coach. 
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An 8-coach train on the Metropolitan Railway. 





May, 1934 
TABLE I. 
Driving rte 
[ype of Coacl Motor Ist Class | 3rd Class 
[railer ; 
Coach. [railer. Trailer 
(Coach 
Length over bufters 51’ 10” 51° 4” 51° 4° 51’ 4” 
Weight Unloaded (approx 52} tons 28} tons 28 tons 28 tons 
Seating Capacity 50 80 56 90 
(3rd Class) (3rd Class 











With stock arranged in 
this manner, almost any 
length of train can be 
built up to suit traffic 
conditions. Normally, how- 
ever, a train unit comprises 
eight coaches formed by 
coupling together two four- 
coach units having a driving 
position at each end. 
During slack periods of 
the day the 8-coach train 
can be split up into two 
4-coach train units and used 
separately. 


MOTORS. 


The motors are each 
rated at 210 h.p. (hourly 
rating) giving a total cap- 
acity per motor coach of 
840 h.p. The continuous rating is 144 b.h.p. per motor 
at 535 volts (the estimated mean voltage of the system). 

Mechanically, the motors are similar to those 
which the G.E.C. has supplied in considerable 
numbers to the various lines of the London 
Underground, and embody all the features which 
characterise those motors. 
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Arrangement drawings of one of the new electric motor coaches for the Metropolitan Railway. 











Class B insulation is used throughout, micanite 
being employed wherever possible. The field coils, 
for example, are entirely shrouded by micanite 
thereby preventing the ingress of water. 

Following general modern practice, roller bear- 
ings are used to carry the armature. Until recently 
practically all railway motors were fitted with plain 
bearings, but with the successful adaptation 
of roller bearings, the plain bearing, with its 
higher cost of maintenance has now been largely 
superseded. 

Considerable investigation was made to determine 
the most suitable gear ratio and motor characteristic 
to give the minimum energy consumption consistent 
with a wide range of traffic requirements. As a 
result of these investigations a gear ratio of 
I: 3.1 was chosen, together with the motor char- 
acteristic shown in fig. 4. In conjunction with the 
automatic current limit relays referred to later in 
this article, the motors automatically accelerate the 
train at a rate of 1 m.p.h. per second when connected 
in series and at 0.83 m.p.h. when in parallel. The 
lower acceleration for parallel working was adopted 
to reduce the maximum demand on the railway 
sub-stations. 

It should be pointed out, however, that the 
motors are capable of giving considerably higher 
acceleration than the figures quoted above, but for 
general service on the Metropolitan lines these 
values of acceleration were chosen as the most 
suitable. Acceleration is maintained at the rates 
given up to a speed of 22 m.p.h. when the 
motors are in parallel directly across the line. 
Acceleration then falls off until balancing speed is 
reached. 

A view of one of the motors is given in fig. 5, 
while a bogie in which two motors are mounted is 
illustrated in fig. 6. 
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Fig. 4.._Motor characteristics showing performance at 535 volts. 
M.P.H. 28.58. 


Wheel diameter 36} ins., gear ratio 1 to 3.1; r.p.m. 
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COLLECTOR SHOES. 


Current is collected from the two power rails by 
means of over-running collector shoes which make 
contact with an off-set positive rail and a central 
negative rail. Each motor coach is provided with 
four negative shoes which are carried on shoe beams 
fixed to each motor, while six positive shoes, three 





Fig. 5.—One of the four traction motors fitted to 
each motor coach. 


on each side of the coach, enable current to be 
collected from the off-set positive rail whichever 
side of the coach this may be. The positive shoes 
are mounted on shoe beams suspended between the 
axle boxes on each bogie, two being situated each 
side of the rear bogie and one each side of the. 
bogie at the driving end. Ice scrapers in the form of 
wire brushes are fixed to the front bogie shoe beams 
and serve to clear any ice or snow which may form 
on the collector rails during wintry weather. 

Driving trailer coaches are provided with two 
positive shoes and one negative shoe at the driving 
end of the coach and enable a 4-coach train to 
bridge any gap in the conductor rails without undue 
loss of energy. 

Positive and negative bus lines are carried through 
the train, suitable couplers being 
provided at the ends of all coaches 
except the driving end of motor 
coaches. 


PROTECTION OF MAIN POWER 
CIRCUITS. 


Protection of the main motor 
circuits is afforded by means 
of fuses and line switches. 
Each bogie shoe circuit 1s 
provided with a positive fuse and 
negative isolating link, both of 
which are mounted on the 
underframe. On older stock the 
shoe fuses were mounted on the 
shoe beam, the vibration of which 
resulted in damage to the fuses 
and incurred excessive maintenance. 
The inclusion of these fuses in the 
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feed points from the collector rails may be regarded They are rarely called upon to operate, all simple 
as the “‘front line’ of protection for the whole of the faults being easily and more quickly dealt with 
electrical equipment on the coaches. It will be by means of the overload relays working in con- 
appreciated that with an 8-coach train the number of junction with the line switches L.S.1, L.S.2, G and 
feed points is large and it has therefore been found 10 (fig. 7). 


POWER CONTROL EQUIPMENT. 


An interesting feature of the 
control equipment is its arrangement 
in the apparatus compartment behind 
the driver’s cab. The arrangement 
represents the result of many years 
of experience in reducing maintenance 
and inspection troubles to a minimum. 

In the first place, the power 
circuits, with the associated control 
circuits are arranged in two entirely 
Separate groups, one group con- 
trolling one motor on each bogie 
of the motor coach and the other 

Fig. 6.—-View of bogie, mounted in which are two traction motors. group controlling the second motor 

on each bogie. This arrangement 

desirable to introduce two train line fuses on each affords a high degree of service reliability as 

motor coach to protect the positive and negative either group may be isolated by a main isolating 
feeds from adjacent coaches (see diagram fig. 7). switch in case of emergency (see fig. 7). 

Four fuses are also employed to protect the The two half-equipments are each carried on an 
control equipment which, as will be explained is angle iron framework of similar construction. The 
divided into two identical halves, two fuses covering frames are placed in the compartment with their 
each half equipment. These fuses form a “second major axes parallel to the length of the coach and 
line’ of defence in case of a serious emergency. are situated symmetrically about the centre line of 
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the coach in such a way that there is a gangway 
between the frames and behind each frame. One 
of these gangways forms a corridor communicating 
between the guard’s compartment and the driver’s 
cab (see fig. 3). 

The arc chutes of each group of contactors are 
arranged to face each other across the central gangway 
so that their contactor tips can easily be inspected 
from this gangway. The various interlocks are 
carried on the back of the contactors, while under- 
neath are the electro-pneumatic operating valves 
controlling each contactor. Access to the interlocks 
is obtained from the two side gangways. The 
equipment in the gangway which forms a corridor 
connecting the driver’s and guard’s compartments, 
is provided with protective covers which can be 
removed for inspection. The removal of these 
steel-plate covers enables instant inspection or 
testing of the interlocks and valves to be carried 
out with the minimum of trouble. An arrange- 
ment drawing of one of the equipment frames 
is given in fig. 8, and various views in figs. 
9 and Io. 

As both half-equipments are identical in design 
and construction it will be sufficient if attention is 
confined to one half only. 

Current passes from the one of the two equip- 
ment fuses previously mentioned, to the overload 
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Fig. 8.—Arrangement drawing of side of one of equipment frames. 


relays and a group of contactors mounted on the 
frame. The contactors are all of the electro- 
pneumatic type in which the contacts are closed by 
the motion of a piston in a cylinder into which 
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compressed air is admitted. The contactor is thus 
closed pneumatically but is opened under the action 
of a powerful spring. Consequently the “freezing 





Fig. 9.—View of control equipment taken from 
central gangway. 


in’ which occurs occasionally with all-electric 
systems is entirely eliminated. The admission 
and release of compressed air to the cylinders 
is regulated by means of small electro- 
pneumatic valves controlled by solenoids. 
Current taken by these solenoids is only 
a fraction of the current taken by the 
solenoids of all-electric contactors; thus 
the design and construction of the interlocks 
and the master controller is along much 
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The actual current requirements of the 
electro-pneumatic coils is of the order of 
15 to 20 watts. This low power necessitates 
a low voltage and it is therefore customary 
on 600 volt traction systems to energise 
contactor coils from a potentiometer which 
is in circuit only when the master controller 
is in one of its operating positions. The 
potentiometer is seen on wire 5, fig. 11. 

Owing to the fact that the contactor 
coils are arranged in parallel across this 
potentiometer the necessary interlocking 
system can be made extremely simple 
and reliable. The eiectrically controlled 
valves are of simple mechanical design and are 
spring biassed in order to open the cylinder to 
atmosphere. As soon as the coil is energised the valve 
moves, compressed air enters the cylinders, the 
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latter of course being sealed from atmosphere. 
The valves are totally enclosed in small cast iron 
pots; one of them is illustrated in fig. 12. 

The contactors are of the standard G.E.C. 
design, modified in certain respects to conform 


} 


2B ))))))) 


Fig. 10.—View along corridor connecting driver’s and 

guard’s compartments. The current limit relay auto- 

matically controlling acceleration of motors can be 
seen at top of illustration. 
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with equipment standardised by the Metropolitan 
Railway thereby avoiding the duplication of a large 
number of spares. The contactor itself is illustrated 
in fig. 13, and it will be seen that a very efficient 
magnetic blow-out is fitted, while the contacts are so 
designed as to give a scientifically correct tipping 
and heeling action when closing. It should be 
borne in mind that the satisfactory operation of a 
contactor depends very largely on these features. 

The contactors control the cutting-out of resist- 
ance and the series-parallel connection of the motors 
in accordance with the well known bridge transition 
system. Four of the contactors, namely L.S.1, 
L.S.2, G and 1o (fig. 11) as already mentioned, 
function as line switches under the control of the 
overload relays. 

The master controller which is situated in the 
driver’s cab, figs. 14 and 15, is provided with an 
“off” and three “on” positions. The first “on” 
position gives a slow running step and is non- 
automatic in operation. The second step however, 
brings into operation the current limit relay by 
means of which the motors are automatically 
accelerated to their full series speed, while the third 
step further automatically accelerates the motors 
until they reach their full parallel speed directly 
across the line. 

The controller is fitted with the usual “dead 
man’s handle’’ which comprises a small button 
mounted on the handle of the master controller 
and is kept depressed by the driver’s hand on the 
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Fig. 11.—Control schematic diagram. 











handle. Should this button be released by the 
driver removing his hand, not only is the control 
circuit interrupted but the brakes are automatically 
applied throughout the train by means of a small 
pilot valve fitted in the controller. A small cam 
operated drum in the master controller operates 





Fig. 12.—One of the electro-pneumatic valves. 


in conjunction with the dead man’s handle and 
de-energises the positive feed to the potentiometer 
(wire 5, fig. 11) when the button is released. 

The electro-pneumatic reverser is energised 
from the lower half of the potentiometer 6—10, 





Fig. 13.—-Views of electro-pneumatic contactor. 


under the control of the reverse drum on the master 
controller. Operating in parallel with the reverser 
coils are line switches L.S.1 and 10, which are so 
interlocked that they can only close when the 
reverser has moved fully in the same direction 
as the master controller. Other interlocks ensure 
that no contactors can close until L.S.1 itself 1s 
closed. Consequently the reverser interlock functions 
indirectly on all contactors. 
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The remaining contactors are connected across 
the section 5A-6 and in conjunction with the reverser 
and line switches already mentioned, form a 3-wire 
system on the potentiometer; this materially reduces 
the losses in the potentiometer. 

The current limit relay controls the closing of 





Fig. 14.—-General view of driver’s compartment 
showing master controller in foreground. 


the switches by opening a common actuating circuit. 
Interlocks change over the contactor coils in turn from 
the operating to the retaining circuit as soon as the 
contactors have closed. At the same time sequence 
interlocks prepare the circuits for the next contactor 
in the sequence as soon as the previous contactor 
closes. The contactors are thus automatically 
closed in the proper sequence and at the correct 
intervals of time, thereby automatically accelerating 
the motors. 

In addition to these interlocks certain other 
interlocks are introduced for safety in case of failure 
of a contactor. 

In order to obtain the two values of acceleration 
of 1 m.p.h. per second and 0.83 m.p.h. per second 
for series and parallel running, a small coil situated 
on the current limiting relay is energised in parallel 
with J.R. the essential series contactor ; in this way 
the setting of the relay changes for the series and 
parallel running of the motors. To obtain a high 
setting of the current limit relay, should this be 
required in cases of emergency (particularly in the 
event of part of the equipment and the associated 
motors being isolated due to a fault), an additional 
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coil is provided on the relay. This is known as a 
“set-up’’ coil and can be brought into operation 
by the driver by pressing the limit relay “set-up” 
switch. 

It has already been mentioned that the overload 
relay operates the L.S.1, 10, L.S.2 and G, and it 
will be seen that the overload relays cannot be 
re-set without bringing the controller to the off 
position and pressing a button. This prevents the 
driver attempting to accelerate under an overload, 
or fault, except from the off position with all the 
resistances 1n series. 





Fig. 15.—Rear partition of driver’s cab showing 
auxiliary switch panel, etc. 


Maximum reliability of service is obtained by 
providing each half equipment with a multi-point 
cut-out switch which in the event of any control 
fault on one group quickly isolates control circuits 
in that group. The train then runs on the remaining 
group. 

Control and power circuits are carried through 
the train by the usual type of jumpers. The double 
pole power coupler is shown in fig. 16. 


AUXILIARY CIRCUITS. 


The feed for the auxiliary circuits is taken from 
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the main positive and negative junction boxes (fig. 
7) direct to two main auxiliary fuses which in turn 
are connected to positive and negative auxiliary 
terminal bars. Thence feeders are provided for the 
brake compressor motor and for heating and lighting 
the coaches. In addition to the main fuses, each 
individual feeder is provided with separate fuses. 
The compressor is controlled by the pressure 
in a main air reservoir in conjunction with which 
a compressor governor maintains an air pressure 
within certain pre-determined limits. A double 


pole switch and fuses are provided for isolation 
and protection of the compressors. 


LIGHTING AND HEATING. 


Service conditions on the Metropolitan Railway 
render desirable a system of remote control for the 
lights in the passenger compartments. The lighting 
circuits are therefore arranged for remote control 
from all the guard’s compartments on a train by 
means of a “set and trip’’ system, in which a 
contactor is closed by the excitation of one train 
line wire and opened by the excitation of a second 
train line wire. In this way the lights of a train 
can be switched on or off from any guard’s com- 
partment. 


Fig. 16.—-Double pole power coupler. 


Electric heaters are provided in the coaches, 
being installed under the seats in the passenger 
compartments. The heating circuits are suitably 
protected by fuses. The actual equipment for 
heating and lighting the coaches was supplied by 
The Birmingham Railway Carriage and Wagon 
Co., Ltd. 

In conclusion the author acknowledges the 
courtesy of the London Passenger Transport Board 
in giving their kind permission for this description 
and the accompanying illustrations to be published. 
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Communication, Protection and Supervisory 
Control Systems for Electric 
Power Networks. 


By Engineers of G.E.C. Telephone Works, Witton 
Engineering Works and Pirelli-General Cable Works. 


REQUIREMENTS OF A 
POWER SYSTEM. 


T was shown in an earlier 

| article—referred to in the 

adjoining introductory note— 

that the requirements of a power 

undertaking, operating an inter- 

connected network might be 
summarised as follows :— 

1. The passage of instructions 
between the control and sub- 
ordinate personnel, which 
can be accomplished by 

(a) Telephone. 

(6) Teleprinter. 

(c) A visual indicator of 
the “*engine-room”’ 
telegraph type. 


2. Feeder protection, where the apparatus em- 
ployed is of the type requiring a communica- 
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The various systems available to 
meet the communication, protection 
and supervisory control require- 
ments of power networks were 
described in an article appearing in 
Vol. IV., No. 3, Aug., 1933. It 
is proposed in this and subsequent 
articles (which are based on 
the combined work of various 
sections of the G.E.C. Organis- 
ation) to show how the methods 
formulated in the earlier article 
are applied. The case chosen for 
treatment here is that of a small 
urban and rural network of the 
type which is being developed 
rapidly in so many districts at 
the present time. 
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tion channel between the ends of the section 


of feeder to be protected. 


3. Facilities enabling the control operator to open 
and close switches at distant substations, or to 
bring in and cut out generating plant. 


Automatic indication to the control operator 


of the position or condition of any piece of 
apparatus at a distant substation or generating 


station. 


5- Facilities enabling the control operator to read 


meters at distant stations. 


Several methods by which these services might 


be provided were subsequently discussed. 


In 


attempting to show the practical application of these 
methods, it should be appreciated that hard and fast 
rules carinot be applied, due to the variations inevit- 
able in different power systems on account of local 


conditions. 


might prove more suitable. 


general 
methods. 


Therefore in presenting a typical power 
network and indicating the most suitable methods 
for achieving the objects in view, it must be borne 
in mind that if the characteristics of the system are . 
varied to any material extent, alternative methods 
Reference should be 
made to the earlier article for information as to the 
considerations governing 
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the choice of 
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LAYOUT OF A TYPICAL 
NETWORK. 


The general scheme of the 
network (figs. 1 and 2) is based 
upon supply at 132 kV to a small 
town X from a normally unattended 
hydro-electric-station situated 70 
miles away, and subsequent trans- 
formation and distribution in the 
town, outlying suburbs and sur- 
rounding rural area. A network 
of this type has been chosen as 
providing scope for the introduc- 
tion of more than one method of 
treatment, for instance—as will be 
made evident later—the scheme 
suggested for the transmission line 
from the power station to the town 


differs in certain fundamental respects from that 
recommended for the local distribution lines. 
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Fig. 1._-Map of typical 
rural area, showing 
power line layout. 
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The equipment of the hydro-electric station 


comprises two 5,000 kVA alternators, with the 
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necessary automatic voltage and load control equip- 
ment and two 6.6 132 kV transformers with their 
associated circuit breakers. 

The 132 kV line terminates at an outdoor sub- 
station (A) some distance from the central control 
and distributing station in the town, and the voltage 
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Fig. 2._-Single line 
system diagram 
of the area. 
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is stepped down to 11 kV for transmission through 
the rural distribution system. A double circuit 
underground cable feeds the central station in the 
town, which contains the control room for the whole 
area. One double circuit underground cable feeds 
the sub-station (B) on the outskirts of the town, 
which forms a second focal point for the rural 
distribution system. These three sub-stations, A, 
Central, and B also feed the Urban area at 400 230 
volts on a 4-wire system. 

The western ring consists of a single circuit 
11 kV line supported by wooden poles and running 
from sub-station A, through main sub-stations C, 
D and Eto B. The eastern ring consists of a similar 
line from A, through F and G to B. A tie line 
connects F and G. Spur lines run out from F to 
feed H and K, and from G to feed L. 

The sub-stations mentioned above are all main 
sub-stations feeding large villages, or rural industrial 
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centres such as brickfields, large quarries, mines, 
and the like. 

Each main sub-station consists of the necessary 
H.T. feeder breakers, two H.T. transformer breakers, 
two transformers 11,000/400 volts, with on-load 
tap changing, and two L.T. circuit breakers feeding 
the goov. busbars. All the above switchgear is 
arranged for electrical operation. 


REQUIREMENTS OF NETWORK. 


It is assumed that facilities are to be provided 
where advisable for telephony, feeder protection and 
supervisory control, this last service embracing 
remote operation of switches, remote indication of 
condition of apparatus, and remote metering. It is 
now necessary to consider in which sections of the 
network system the individual communication service 
will be wanted. 

It will immediately be apparent that telephonic 
communication from the hydro-electric station to 
the control station is essential. It is convenient 
to mention here that at a generating or sub-station 
which is styled unattended, there is frequently a 
caretaker. Although the duties of this man would 
not be concerned to any extent with the operation 
and running of the plant, the need that he should be 
in telephonic communication with the control station 
is obvious. Equally, staff visiting the station in 
emergency will require telephone service. 

As the station is unattended, supervisory control 
from the central station is necessary, and it is clearly 
a great advantage if the channel employed for 
telephony can also be used for supervisory control. 

The principal communication requirement of the 
rest of the area is supervisory control. This is 
necessitated on three counts (a) immediate and 
accurate notification of major faults (b) rapid 
restoration of service after faults, and (c) accurate 
voltage control. It will also be necessary to provide 
a telephone service for use during a fault period. 
Given a communication channel from Control to all 
sub-stations, it is obviously an economy to use this 
channel between stations for a pilot wire feeder 
protection system. The communication require- 
ments of the distribution system are therefore 

(a) Supervisory Control. 

(6) Telephone. 

(c) Feeder Protection. 


CONSIDERATION OF CHANNELS. 


Considering first the generating station telephone 
service; for such a purpose the ordinary public 
telephone service is totally unsuited. A _ private 
line might be rented from the telephone adminis- 
tration but the cost would be extremely high and 
the service would suffer from the disadvantages 
mentioned in the previous article. This leaves for 
consideration the various forms of privately owned 
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circuits. Underground cable may be ruled out on 
the score of cost of installation. As an overhead 
power line is used, an underground cable would 
necessitate separate installation. Of the various 
forms of overhead cable available, the most suitable 
and economical in this case would be the 


combined earth and pilot wire cable. The (ear mn 
cost of this over the distance involved — rs 


(7o miles) would, of course, also be high. 
The other alternative is a carrier current 
channel superimposed on the power line. 
The cost of provision of this channel is 
entirely independent of the distance in- 
volved and would, in this case, be consider- 
ably less than that of any other channel. 

Moreover, this channel also lends itself 
to supervisory control; it should therefore 
be adopted for the network under dis- 
cussion, i 

‘“Sharing”’ arrangements may be such 
that the telephone may cut in on a super- Waa 
visory signal or may wait until the —= 
Supervisory signal is completed, and 
having seized the channel may hold it | 
against further supervisory signals. The |_| 
generating station being unattended, com- 
paratively little telephone communication 
may be expected while the number of supervisory 
signals would be comparatively high. 

In the scheme with which we are dealing, the 
line from the generating station is a double circuit 
one; hence parallel feeder protection is the most 
suitable form of protection to adopt, and requires 
no communication channel. If a single feeder 
were employed, further carrier channels could 
be obtained for the operation of the protective 
gear. The only kind of system which could be 
used would be of the qualitative type, for reasons 
given in the previous article upon this subject, 
already referred to. 


HYDRO-ELECTRIC STATION 
COMMUNICATION EQUIPMENT. 


One carrier channel has to be provided to the 
yenerating station to give supervisory control and 
telephone service. Owing to the length of under- 
ground cable between the central station and station 
A at which the overhead lines terminate, the carrier 
current cannot be applied to the circuit at the 
central station. Consequently the carrier equip- 
ment must be situated at station A and controlled 
over a separate pilot cable to the central station. 
It is not advisable, owing to the entirely different 
systems used, to couple the supervisory control 
system for the generating station with that of the 
rural area; consequently an entirely separate equip- 
ment is provided, although the general operating 
method used is similar, as will be shown later. A 


control panel, seen on the left hand section in fig. 3, 
is provided, carrying the necessary operating keys, 
indicating lamps and meters, and is wired to the 
supervisory equipment mounted behind the panel. 
Four wires run from this equipment via the under- 
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Fig. 3. 
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Suggested control panel layout for the typical area. 


ground cable to the carrier equipment in station A. 
These four wires also serve to connect the telephone 
to the carrier cabinet. The telephone is mounted 
on the control engineer’s desk (fig. 4), and connected 
via switching keys mounted in the turret at the rear, 
which enable the same instrument to be used for 





Fig. 4... Typical control engineer's desk. 


speech over the rural area lines and to local instru- 
ments in the offices. A duplicate instrument is 
provided in an adjacent silence cabinet so that two 
simultaneous conversations may be carried on on 
two circuits. The right hand section of this desk 
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carries various alarm lamps and test keys serving 
both the generating station supervisory system and 
the rural area supervisory system. 

The carrier equipment is contained within a 
cabinet of special air-spaced double sheet metal 
construction, fig. 5. A 50 volt filament battery and 





Fig. 5.-Front and rear view of standard G.E.C. carrier 
equipment cabinet, providing one carrier circuit over 
power line. 


a 150 volt anode battery are provided together with a 
charging control board, on which are mounted the 
rectifiers, etc., for trickle charging these batteries 
from the 230 volt supply. The two leads from 
the carrier cabinet supplying the high frequency 
currents to the power line are first taken to a pro- 
tective unit cabinet (fig. 6) containing equipment to 
prevent the line voltage reaching the carrier equip- 
ment in case of failure of the coupling condensers 
to which the leads from the protective units are 
connected. The outgoing leads from the coupling 
condensers are connected to the power line at the 
point where they leave the outdoor switching station. 
To prevent leakage of the high frequency currents 
back through the transformers into the L.T. network, 
choke coils (fig. 7) are fitted in the power lines 
immediately behind the coupling condensers. The 
arrangement of condensers and coils is shown in fig. 8. 

At the generating station a similar set of coupling 
condensers, choke coils, protective unit, carrier 
cabinet, batteries, charging panel, telephone and 
supervisory cabinet are fitted. From a terminal 
panel in the supervisory cabinet, control wires 
run to the various control panels, switchgear, etc. 
in the station and via a short length of overhead 
cable to the control and indication equipment at the 
dam. 
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The functions which this supervisory control 
equipment would be called upon to perform would 
be :— 

(a) Indicate the water level in the reservoir. 

(b} Control the opening and closing of the gates 

at the dam. 

(c) Indicate the position of these gates. 

(d) Indicate the water flow in the aqueduct. 

(e) Start and stop either of the machines. 

(f) Control the setting of an automatic load 

control device. 

(g) Indicate the position of this device. 

(h) Indicate the load on each machine. 

(j) Indicate the position of each turbine gate. 

(k) Open and close the line breakers. 

([) Indicate the position of line breakers. 

The operation of the machines, running up, 
synchronising, etc., would be completely automatic, 
and would be protected by the necessary protective 
devices. The control engineer at the control station 
would then only require to adjust the load control 
device to meet the system requirements. 





Fig. 6.—Protective unit used in carrier circuit to isolate 
and earth the communication equipment in case of failure 
of the line coupling condenser. 


LOCAL DISTRIBUTION 
COMMUNICATION CHANNELS. 


The local distribution lines are not suitable for 
carrier current working owing to the number of 
tapping and sectionalising points between the main 
sub-stations. Also the distances between the sub- 
stations are not sufficiently great to make carrier 
working economical. Lines might be rented from 
the telephone administration but the cost is high 











compared with that of a privately owned cable. As 
the power line is overhead, the cost of laying an 
underground cable would be excessive. The extra 
loading on the poles imposed by the erection of an 
overhead pilot cable may be a serious objection, 
particularly in the case of an existing line. With 
cable suspended from a catenary wire this 

increase of loading is greater than that with 

the combined pilot and earth wire cable. Mig: 
The latter has the added advantage that it 
can be erected above the power conductors. 
This type of cable is at present limited to 
four conductors and for such small cables is 
the most satisfactory and economical type. 
The construction of the cable is shown in 
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Fig. 7.—Choke coils inserted in power line to prevent high 
frequency carrier currents leaking back through the local 
power transformers, etc. 


fig.9. The four pilot wires which this cable normally 
contains are sufficient to provide the supervisory 
control and telephone services required. A third 
circuit may be obtained by means of phantom coils 
as shown in fig. 10. This phantom circuit may be 
sectionalised, as shown, at each sub-station; it 
forms therefore a station-to-station circuit which 
may be used for feeder protection. Any of the 
various feeder protection systems may be used, and 
will be considered in detail later. 
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LAYOUT OF THE PILOT CABLE. 


The pilot cable will follow the line of the power 
cable, looping or tapping in to each sub-station. 
One circuit—4 wires—may be laid from the central 
station out to station A, branching from there into 
two circuits, one serving stations F, H and K, and 






~ 
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Fig. 8.—Arrangement of 132 kV choke coils and coupling condensers 
at the Abernethy Substation of the Grampian Electric Supply Co. 


the other following the western ring through stations 
Cand Dto E. This circuit might be extended to 
station B, but owing to the primary importance of this 
station in the urban area it will probably be advisable to 
run a second 4-wire circuit from the central station to 
station B and to extend it to serve stations G and L. 

By this means each sub-station is connected by 
a 4-wire circuit to the central station, with a minimum 
pilot cable mileage. It will be recalled that if 
feeder protection is required between all stations, the 
remaining sections (that is B to E, G to E and G to 
F) must also be provided with pilot cable. With 
the ring completed in this manner, it is possible to 
provide, by simple switching means, alternative 
routes to all stations on the ring in case of failure 
of the cable at any point. The proposals outlined 
in the foregoing scheme are indicated in fig. 11. 


PROTECTIVE EQUIPMENT FOR THE PILOT CABLE. 


As the pilot cable is suspended in close proximity 
to the power line, any out-of-balance or fault-current 
flowing in the line will induce a longitudinal voltage in 
the pilot cable conductors. This voltage is a function 
of the voltage of the power line, the maximum 
fault-current which may flow in the line, and the 
length of exposure of the pilot to the fault-current. 
In the area under discussion, where the maximum 
distance between sectionalising transformers in the 
pilot wire is 9 miles, the induced voltage is not 
likely to exceed 6,000 volts. 
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Arrangements must be made to protect any 
person using the telephone or performing mainten- 
ance work on the equipment from coming into 
contact with this voltage. The most convenient 
method of ensuring this is to design the line trans- 
formers shown in fig. 10, to withstand this voltage. 


WIRE AFROURISSG FORMENO BYETEM 
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FUNCTIONS OF SUPERVISORY EQUIPMENT. 


In the network system under consideration the 
supervisory equipment should be expected to per- 
form the following functions at each sub-station : 

(a) Open and close each of the incoming feeder 

breakers. 


OM 'WFREGHATED PAPER 
I{MmSVLATEO CONMUC TORS 


Fig.” 9.—Pirelli-General combined earth wire and pilot cable. 


In practice these transformers will be designed to 
withstand 15,000 volts between windings and from 
windings to case. As a further protection, the 
standard telephone protective unit, consisting of 
spark gap, heat coil and line fuse, is included in the 
telephone circuit. 

To obviate damage to the cable itself by these 
induced voltages it will be mecessary to have a 
conductor-to-sheath dielectric strength in excess of 
the maximum induced voltage. The combined pilot 
and earth wire cable has a dielectric strength of 
15,000 volts conductor-to-sheath, and 10,000 volts 
conductor-to-conductor. 

Owing to the insertion of transformers in the 
line, D.C. signalling over the cable is impossible 
and A.C. signalling must be used. As the cable and 
transformer must be designed for good speech 
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Fig. 10._-Diagram showing method of deriving a phantom 
circuit between adjacent substations from two physical 
circults. 

transmission it is desirable that the A.C. signalling 
currents shall have a frequency lying within the 
speech range, say 300 cycles. The signalling current 
and voltage in the pilot being practically unrestricted, 
a simple type of receiver and transmitter may be 
used which does not employ thermionic valve 
equipment. This type of A.C. working 1s little 
more expensive or complicated than D.C. signalling, 
and in practice has many advantages over it. 


(6b) Continuously indicate the condition of these 
breakers. 


(c) Open and close each of the two transformer 


H.T. breakers. 


HYORO ELECTRIC STATION 


ee 
> CENTRAL 
STATION 





OVERHEAD PILOT CABLE (4 WIRE PILOT) 
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132 k.V. OUTDOOR SUBSTATION 


illustrating layout of communication cables and 
carrier circuit. 


Continuously indicate the condition of these 
breakers. 

Raise and lower the on-load tap-changing 
Switches. 

Indicate the tap position in use. 

Open and close the two transformer L.T. 
breakers. 

Continuously indicate the condition of these 
breakers. 








(j) Indicate, on demand, the voltage of the L.T. 

busbars. 

(k) Indicate load on each transformer. 

(1) Provide telephone facilities. 

The standard G.E.C. Tandem Supervisory 
Control System is capable of carrying out these opera- 
tions and allowing a considerable number of spare 
points for future developments. This system, being 
a tandem system, requires only one 4-wire circuit 
common to a number of stations. The maximum 
number of stations which can be controlled on one 
circuit is twenty, a figure which allows a very large 
margin in the present area for future extensions. It 
should be noted that these future extensions need 
no further extension of the supervisory equipment 
at the central station, other than the new sub-station 
sections adding to the control panel. 


LOCAL DISTRIBUTION SUPERVISORY 
CONTROL EQUIPMENT. 


At the control station a control panel of cubicle 
construction is provided, the interior forming a 
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Fig. 12..-Supervisory control panel cubicle for Winchester 
Corporation, arranged for the contro! of a complete 


E.H.T. ring. 


housing for the supervisory control equipment. 
A typical control cubicle of this type is shown in 
fig. 12. The control panel itself is made up of a 
number of small sections, each section representing 
one sub-station. Each circuit breaker controlled and 
indicated is represented by two indicating lamps, 
one red and one green, and a rotary control key 1s 
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inserted in the appropriate position in a single 
line diagram of the system. A metal panel carries 
the meters for voltmeter reading and tap-position 
indication, together with the necessary keys for 
obtaining these readings from the various sub- 








Fig. 13.—Substation supervisory control 
equipment cabinet. 


stations. It should be noted that ammeter readings 
from any circuit in the sub-station may also be 
obtained if required. The layout of the control 
panel for the typical area under consideration is 
shown at fig. 3. 

One 50-volt battery is required at the control 
station, but in this case the 50-volt filament battery 
required for the carrier circuit might be used. The 
equipment at the sub-stations consists of a super- 
visory control cabinet containing the necessary 
relays and selectors (fig. 13), one 50-volt battery 
and trickle charging equipment and one telephone 
instrument. Interposing relays will be required 
capable of being operated from the supervisory 
equipment and capable of carrying the circuit 
breaker operating current. These would usually be 
mounted in association with their circuit breakers. 


FEEDER PROTECTION. 

For feeder protection between the rural sub- 
stations, the phantom circuit shown in fig. Io is 
recommended. There is a wide choice of systems 
available for such a situation. In the first place, 
where feeders are run in parallel, they may be 
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protected without any pilot channel at all on the 
parallel feeder principle ; and it should be borne in 
mind that the G.E.C. parallel feeder scheme is 
applicable for interconnectors and ring mains as well 
as for those lines which feed in one direction only. 
This scheme is comparatively simple, and in opera- 
tion is instantaneous and extremely stable. It is 
most appropriate for feeders which have no tappings ; 
but if a tapping exists which draws off only a small 
proportion of the total current, this scheme can still 
be applied with certain slight modifications. 

Of the systems requiring a pilot channel, the quant- 
itative type, as represented by the two-wire McColl 
scheme is the most satisfactory. It 1s quite suitable 
for operation through the medium of the phantom 
channel as described. It is the simplest of all 
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schemes, and is instantaneous in operation and 
capable of relatively low settings. No potential 
transformers are needed, while there is only the one 
relay element at each end of the line. 

The qualitative type of scheme, in which the 
channel is used for conveying DC signals or their 
equivalent, is also available, and may possibly be 
useful in some cases where the passage of 
5o-cycle AC circulating currents is not desirable. 
It is considerably more complicated than either 
of the previous types of scheme, and the fault 
settings are higher; but its operation is practically 
instantaneous, giving it a considerable advantage in 
this respect over the impedance or distance type of 
scheme, which is the only usual alternative for a 
single circuit line having no pilot channel. 


Birmingham. 
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